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November 17, 1989 ENSR Consulting 
and Engineering 

35 Nagog Park 
Acton, Massachusetts 01720 
(508) 635-9500 Mr. James Schnitzer, Case Manager 

NJDEP Bureau of Federal Case Management 
401 East State Street 
5th Floor, West Wing 
Trenton, New Jersey 08625 

Re: Comments and Revisions to Ecological and Human Health Food 
Chain Risk Assessments, UOP Site, East Rutherford, New Jersey, 
May 1989 

Dear Mr. Schnitzer: 

In response to your letter and comments dated 28 September 1989 
concerning the referenced site, we are pleased to submit a new 
document titled "Risk Assessment Report, UOP Site, East Rutherford, 
NJ, Volume 2" as prepared by ENSR Consulting and Engineering and 
dated November 1989. 

In the revised report and this letter, we respond to all the 
technical comments and questions in your letter. The revised 
report contains the vast majority of our responses identified by 
revision bars in the righthand margin of the text. This letter 
addresses information and ideas on certain comments that are more 
appropriately handled in a letter of transmittal. 

Here are our thoughts using the same comment numbers as in your 
letter: 

Response to General Comment i 

Overall, we believe that our original Risk Assessment Report 
analyzed the most important exposure pathways for the NJDEP-
approved list of Indicator Species. However, in response to your 
letter, we have extended our analyses in the Risk Assessment Report 
to include qualitative and quantitative discussions of direct 
exposures to pore water and sediments. Chapter 5 now includes 
quantitative toxicity quotient analyses of exposures to pore water 
for the Indicator Species. This chapter also includes qualitative 
discussions on pore water and sediment exposure pathways. 
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Toxicological effects of direct exposure to sediments and ingestion 
of sediments are addressed primarily by reviewing laboratory 
studies of sediment toxicity. Where laboratory benthic organisms 
or natural populations are exposed to contaminated sediment, 
effects of direct exposure and ingestion are not distinguishable. 
In both cases, however, it is the total exposure that induces 
effects, and so the laboratory studies reviewed here should be 
relevant and meaningful for the UOP site. 

Response to Comment 9; 

The following description for the chromium VI method used was 
provided by the laboratory responsible for the analyses, Cambridge 
Analytical Associates (CAA): 

"Hexavalent Chromium Analyses: 

Samples for hexavalent chromium analysis were prepared 
according to New Jersey DEP methods summarized in NJDEP Lab 
Report #0002, prepared by Tom Costantino and Denise Costantino 
of NJDEP Bureau of Radiation and Inorganic Analytical Ser
vices. In summary, an aqueous leacheate is prepared from the 
soil/sludge sample. This is designed to extract all soluble 
hexavalent chromium from the sample. Following extraction of 
the hexavalent chromium, the leacheate is treated using EPA 
SW-846 Method 7195, 7196 or 7197. Method 7195 (coprecipit-
ation) was used on these samples as it is the same method used 
in the past on samples from this site, and it is the best 
option when leacheates are colored. Final analysis was 
performed by Inductively Coupled Plasma Emission Spectroscopy 
(ICP-EPA Method 6010)." 

The question of which chromium VI extraction procedure to use was 
and is the object of vigorous debate within NJDEP and U.S. EPA. 
The extraction method selected, NJDEP Lab Report #0002, was based 
on numerous communications between ENSR staff and researchers at 
NJDEP, U.S. EPA, universities, and in industry. We are involved 
with chromium issues at several sites and therefore keep abreast 
of this evolving issue. A copy of Lab Report #0002 is included 
herein as Attachment A. 

Response to Comment 10: 

The benchmark values in the tables in Chapters 5 and 6 were double-
checked, and in a few instances, some modifications were made. 
There are differences in the benchmark values chosen between the 
chapters, as the methodologies applied in each chapter (Chapter 5: 
Toxicity Quotient Method, Chapter 6: AEE Method) necessitate 
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different benchmark selection criteria. These criteria are 
enumerated and discussed in each chapter. 

Response to Comment 12; 

As discussed with Dr. David Ludwig of NJDEP on November 3, 1989, 
ENSR called the U.S. Fish and Wildlife Service Patuxent Wildlife 
Research Center in an effort to obtain better documentation on the 
daily feeding ration for the mallard duck. Dr. Gary Heinz at the 
Center conducts toxicological research on mallards. He estimates 
that mallards eat approximately 300 grams (wet weight) of food per 
day in the natural environment. He bases this estimate on his 
laboratory's daily feeding ration of 100 grams (dry weight) for 
mallards in captivity. According to Dr. Heinz, mallards principal
ly consume aquatic vegetation, seeds and insects. He states that 
mallards eat very few fish because they are not physically equipped 
to catch them effectively. 

Based on this conversation, ENSR has modified the mallard risk 
assessment in Chapter 7 to use a value of 300 rather than 600 grams 
of vegetation as the daily food ration. The assumptions regarding 
the dietary components of the mallard's intake have not been 
changed, but it should be recognized that the assumption of fish 
consumption is a conservative-case scenario. 

Response to Comments 14 and 15; 

The text in Chapter 7 has been modified to clarify the reasoning 
for the application of safety factors and the logic supporting the 
magnitude of those safety factors. 

Response to Comment 16: 

We cannot resolve the direct contradictions between recognized 
experts - we simply do not know whether mink exist in the Meadow-
lands or not. However, in a cooperative spirit of "what if" 
analyses, this Ecological Risk Assessment Report considers the 
possible presence of mink. However, we agree with the NJDEP's 
assertion that if the mink issue becomes critical to decisions 
about the site, then additional study will be necessary. 

Response to Comment 21: 

NJDEP points out that either an estimate of a higher percentage of 
fish consumption by mink or inclusion of other foods that are 
potentially PCB-contaminated would contribute a higher PCB exposure 
to the mink. Because either of these two scenarios would present 
higher exposure to mink than that calculated by ENSR, ENSR has 
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redefined the mink assessment in this report as a conservative-case 
estimate, rather than a worst-case estimate. 

ENSR believes the mink diet assessed in this report is a valid 
conservative-case scenario. References obtained by ENSR indicate 
that mink diet in a marshland environment consists of approximately 
one-third fish, hence this amount was used as a realistic estimate 
in the risk assessment. Other items in the mink diet consist of a 
variety of small animals and aquatic invertebrates. The potential 
concentration of PCBs in these food sources is difficult to 
quantify due to a sparsity of bioconcentration data for these 
species. 

Even though a worst-case scenario cannot be quantified for mink 
exposure to PCBs, ENSR believes that the risk assessment represents 
an unlikely and conservative scenario, and thus additional safety 
factors are not needed in the development of remediation goals. 

Response to Comment 25; 

Extraction and holding times were met for all sediment sample 
analyses except one. Sample Da was received by the laboratory 26 
hours after sampling and thus exceeded the 24-hour holding time. 
The sample was analyzed as soon as it was received; thus the effect 
on the Chromium VI results is believed to be small. 

Fish analyses do not have required holding and extraction times, 
but it would be difficult to justify longer times for this complex 
media than are appropriate for soils. The fish were extracted for 
PCBs from 29 to 31 days after receipt and were prepared for mercury 
analyses at 39 days after receipt. For comparison, the required 
times for soils are; 14 days for PCBs and 28 days for Hg. The 
effect on PCB results is believed to be negligible; PCBs are stable 
and would not leave the matrix. Mercury results could be reduced 
because the mercury can volatilize. The magnitude of the effect 
on these mercury results is unknown. 

Response to Comment 28; 

The graphs in Appendix C represent data in tables in Appendix D. 
Language has been added to the text of Appendix C to indicate the 
exact location of the data for each graph. 

Response to Comment 31; 

An assessment of ingestion of crabs caught from Ackerman's Creek 
was performed under the assumption that this scenario could 
possibly occur. However, for the reasons given in the assessment, 
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we do not believe that people crab directly in Ackerman's Creek. 
Our judgment in this matter should be included in the report 
because there is no extensive survey of fishing behavior in 
Ackerman's Creek. 

Response to Comment 32: 

The NYDEC (1981) document does not address the frequency of 
consumption of crab hepatopancreas. The analyses provided do not 
indicate whether fat associated with muscle tissue is assumed to 
be part of the "muscle tissue" or "soft body parts". In the risk 
assessment, it is assumed that PCBs partition equally in all soft 
body parts. Thus the concentration of PCBs per unit weight of 
soft-body parts is identical in muscle tissue and fat, including 
the fat in shell points. If this fat is eaten, it is assumed to 
have the same concentration of PCBs as muscle tissue. A copy of 
NYDEC (1981) has been ordered and will be submitted to NJDEP. 

Response to Comment 33: 

ENSR does not assume that the compounds lacking BCFs for crab 
tissue are not bioconcentrated by crabs. For several compounds, 
BCFs are not available for crabs, nor are they available for a 
closely-related species such that a BCF can be estimated through 
a comparative ratio approach. Although BCFs cannot be quantified 
for these chemicals, a qualitative assessment has been added to the 
revised Part II: Human Health Food Chain Assessment report. 

Response to Comment 34: 

If the NJDEP has information on the partitioning of PCB into shell 
versus soft body parts, ENSR will change the assumption about 1:1 
partitioning. ENSR is unaware of any information on such par
titioning and used best professional judgment in deriving the 
assumption of 1:1 partitioning. 

Response to Comment 35: 

As indicated in NJDEP's comments, reference doses are typically 
based on administered dose and the NJDEP states that absorption 
adjustment factors are not appropriate. ENSR disagrees with this 
statement. Absorption adjustment factors are justified regardless 
of whether the reference dose is based on an administered or an 
absorbed dose. In applying a reference dose, several factors must 
be accounted for. The critical ones are: differences in metabo
lism between the test species and humans; differences in the route 
of experimental exposure and the exposure in the real world; and 
differences in availability of the compound from the experimental 
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vehicle versus the environmental media in the real world. When 
such differences exist, the reference dose must be adjusted, 
regardless of whether it is based on administrated or absorbed 
dose. 

The need for modifying reference doses using absorption adjustment 
factors is recognized by some regulatory agencies including the 
Massachusetts Department of Environmental Protection (relevant 
portions of their risk assessment guidelines are in Attachment B) 
and U.S. EPA Region I (relevant portions of their risk assessment 
guidance are in Attachment C). 

Finally, as a practical point, please note that even if all the 
absorption adjustment factors were changed to a value of 1, the 
hazard index would still remain below 1 and the conclusion of the 
human health food chain assessment would not change. 

Change to AEE Method; 

An additional revision was made to Chapter 6 and Appendix H 
concerning the results of the AEE method. After submission of the 
Ecological Risk Assessment, an error was found by ENSR in Suter et 
al.'s (1986) published paper on the AEE method. This error was 
confirmed through direct communication with Suter. To correct this 
error, the total variance, and thus the probability, had to be 
recalculated for all the species-compound analyses involving the 
double extrapolation step. The recalculations have been performed 
resulting in revisions to Table 6-2 in Section 6 and several tables 
in Appendix H of the Ecological Risk Assessment. However, the 
results do not change significantly. 

Please call Mark Kamilow, of Allied-Signal at (201) 455-2119 if you 
have any questions regarding this submittal. 

Sincerely, 

. P.E. 
Vice President 

cc; Mark Kamilow, Allied-Signal 
Janet Feldstein, U.S. EPA 
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ATTACHMENT A 

METHOD FOR THE EXTRACTION OF 

CR(VI) IN NEUTRAL MEDIA 



METHOD FOR THE JEXTRACT ION OF 
C R  < V I >  I N  N E U T R A L  M E D I A  

Lab Report #0005 

The following method is under evaluation by the New Jersev 
Department of Environmental Protection. Bureau of Radiation 
and Inorganic Analytical Services, for use with Cr(+6) 
contaminated non-aoueous materials. The authors of this 
method withhold comment regarding its universal application 
until research has validated its performance. The method i 
provided for informational purposes only. 
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5. O Reagents 

5. 1 Potassium dlchromate solution 
<1.0 ml. = 50ug.Cr); Dissolve 141.4mg. of 
dried potassium dichromate in deionized 
vater in a l.O liter volumetric flask and 
dilute to the mark. 

S.2 Deionized vater 

5.3 Nitric aoid, reagent grade 

6.0 Sample Handling and Preservation 

6.1 Collect the soil, sludge or waste samples 
in a 250ml brown-glass bottle which 
has been rinsed with deionized water and 
dried. Store at 4 degrees Centigrade 
from point of collection. 

6.2 Analyze samples immediately (within 24 hours) 
to retard adulteration of hexavalent chromium 
by chemical activity. 

7.0 Procedure 

7. 1 Weigh out 10 grams of well-mixed sample into a 
125 ml. Crlenmeyer flask rinsed with 1:1 nitric 
acid, then rinsed several times with deionized water 

7.2 Add 90 ml. of deionized water. 

7. 3 Nix with magnetic stirring at a moderate 
rate for 15 minutes. 

7. 4 Remove flask from stirrer. Remove stirring 
bar and lightly rinse the bar off into flask 
contents with deionized water. Transfer contents 
to a lOOrnl centrifuge tube rinsed with 1:1 
nitric acid, then rinsed several times with 
deionized water. 

7. 5 Centrifuge at 400 rpm for 10 minutes. 
Decant liquid into a 100 ml volumetric flask. 
If sample extract is turbid, filter using a 
0.45 micron filter. Transfer filtrate from 
flask to lOOrnl volumetic flask and fill to 
correct volume. Stopper and mix well. 



7. 6 Select, a method for determining the 
concentration of hexavalent chromium in the 
extraction and analyze immediately (7195, 
7196 or 7197). Method 7196 is the 
recommended method due to sensitivity and 
reproducibility. 

7. 7 Calculate the amount of hexavalent 
chromium in the sample in mg/kg. 
Sample calculation would be as follows: 

An extracted 10 gram soil sample was 
found to contain 7.3 ug/1 in the final 
extraction, or 7.3 mg/lOgrams of 
hexavalent chromium in the soil. 
7.3 mg/L in O.01 kg sample extracted in 
0. lL=73mg/kg Cr(VI). 

. O Quality Control 

Quality control consists of duplicate and 
spiked analyses of samples. A deionized 
water blank should be analyzed for hexavalent 
chromium to confirm the integrity of 
deionized water used in this extraction 
process. 

8. 1 Duplicate Analysis 

A duplicate extraction and analysis will 
be performed at the minimum rate of one every 
20 samples. Percent difference between 
duplicates should be <20X. 

6. 2 Spiked Analysis 

Ah aliquot of soil spiked with Cr(VI) in a 
concentration sufficient to verify absence of 
interference will be performed at the minumum 
rate of one every 10 samples. The spike 
solution is added to the sample at Step 
7.2. Acceptable recovery is between 80-120X. 
If recovery is not acceptable, data is 
considered invalid. Further analysis may be 
required to confirm interferences or obtain 
acceptable spike recovery. 

Method developed by Tom Costantino, Denies Costantino. 
New Jersey Department of Environmental Protection 
Bureau of Radiation and Inorganic Analytical Services 
380 Scotch Rd. ,CN 411, W.Trenton, New Jersey 08628 
< 609) 530-4100 
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Published by 
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E- ESTIMATION OF AVERAGE DATT.Y DOSE fAnm 

This sect-ion applies to risk assessments conducted per 
Method 3.b. and to risk assessments in which guidelines 
are developed per Method 3.a. 

These operations should be used in calculating doses 
for the estimation of total site risks (Method 3.b.j. 
These expressions for daily dose should also be used to 
calculate guidelines for Method 3a. as described in 
Appendix A. [However, if the risk estimate or proposed 
guideline is based upon a chemical's Unit Risk (See 
Section III.B.3.— Unit Risk) and a lifetime average 
concentration then a Lifetime Average Daily Dose would 
not be calculated.] 

The*.^S EPA ExPosure Assessment Group defines exposure 
as the amount of material contacted and available for 
absorption. The dose is defined as the amount of 
material actually absorbed into the body. The 
application of a Bioavailability Adjustment Factor 
(BAF) or a "Relative Absorption Factor" (an EPA Region 
I term) is generally assumed to convert an exposure to 
a dose, although the actual role of such a factor is 
discussed in detail in Appendix B, Section K of this 
document. Each equation given in the following pages 
includes a Bioavailability Adjustment Factor, and, 
under certain situations, the result will in fact be an 
average daily exposure rather than a dose. For 
simplicity, we have retained the term "average daily 
dose" to apply to the product of an "average daily 
exposure" and a Bioavailability Adjustment Factor. 

The equations presented below outline the procedure for 
the calculation of an Average Daily Dose of an OHM. 
Depending upon the period of time over which the total 
intake of contaminant is averaged (Averaging Period, or 
AP), the calculations may yield: 

o Lifetime Average Daily Dose (LADD): The 
averaging period for a LADD is 70 years. A 
LADD should be calculated in order to 
estimate carcinogenic risk. (The exception 
being the use of Unit Risk, as noted above.) 
The actual exposure period could range from a 
day to an entire lifetime. 

Average Daily Dose, Chronic (ADDe): The 
averaging period for an ADDC may range 
approximately from several months duration to 
somewhat less-than-lifetime. The chronic 
daily dose is used to evaluate 
non-carcinogenic health effects associated 
with long-term exposure. 

EXPOSURE ASSESSMENT - SECTION IV, p. 11 



o Average Daily Dose, Subchronic (ADDg): The 
averaging period for an ADDS may range 
approximately from a few days to several 
months.- The subchronic daily dose is used to 
evaluate non-carcinogenic health effects 
associated with short-term or seasonal 
exposures. 

o Average Daily Dose, Acute (ADDa): The 
averaging period for an ADDa is generally 
one day or less. The acute dose is used to 
evaluate non-carcinogenic health effects 
associated with onetime or episodic 
exposures. 

The Averaging Period (AP) used in the following 
equations may not always be equal to the Duration of 
the Exposure Period (D2). 
Example: The risk assessor is asked to evaluate the 

carcinogenic risk associated with a five year 
exposure to chemical A. Estimation of 
carcinogenic risk requires the calculation of 
a Lifetime Average Daily Dose. Thus, the 
Averaging Period used for calculating the 
LADD would be 70 years while the Duration of 
the Exposure Period would be equal to 5 
years. 
The risk assessor is also asked to evaluate 
the likelihood of non-carcinogenic health 
effects associated with a five year exposure 
to chemical A. The assessor may calculate an 
Average Daily Dose Chronic (ADDC) where 
AP - 5 yrs and D£ • 5 yrs. 

Frequently, it will be necessary to calculate several 
different daily doses of a chemical to a receptor in 
order to evaluate all the exposures scenarios which 
have been identified as being of concern. 

The general form of the ADD equation is presented as: 

(Total Amount of OHM Taken In) 
ADD - — 

(Body Weight)(Averaging Period) 

EXPOSURE ASSESSMENT - SECTION IV, p. 12 



The doses of an OHM received via different routes of 
exposure are assumed to be additive unless there is 
evidence otherwise. 

General equations for the calculation of Average Daily 
Dose are presented in this section for some frequently 
encountered exposure pathways. These equations are not 
intended to represent the universe of potential models 
and they must be tailored to site-specific conditions. 
It is expected that additional exposure pathways may be 
identified, and an ADD may be calculated, using 
appropriate models, for each receptor of concern. 

The Daily Dose(s) of each OHM calculated for each 
potential receptor may be summarized in the Phase II 
Report. In addition, summary tables presenting the 
equations and the exposure assumptions used to 
calculate the daily dose should be presented and well 
referenced. (See Appendix G) 

EXPOSURE ASSESSMENT - SECTION IV, p. 13 



The equations which follow represent estimations 
actual dose of OHM received at an exposure 

point. The equation for calculating the dose 
associated with the Allowable Threshold 
Concentration (ATC) may be found in Appendix J. 

a. Inhalation of OHM Contaminated 
Particulates 

Airborne particulates (fugitive dust) may 
carry OHM to receptors both on- and 
off-site. An Average Daily Dose due to the 
inhalation of OHM contaminated particulates 
(ADDj^jjp) may be calculated: 

ADDinhp = £RP]ai.r * t0HM3part * VR * BAF * Dj * D2 * F * C 

BWavg * AP 

Where: 

[BP]air = Representative concentration of respirable 
Particulates (RM^Q) in the air at the Exposure 
Point during the exposure event. 
(dimensions: mass/volume) 

[OHM]_,rt = Representative concentration of OHM in 
the respirable particulates at the Exposure Point 
during the period of exposure. 
(dimensions: mass/mass) 

VR - Daily respiratory volume for the receptor of 
concern during the period of exposure, 
(dimensions: volume/time) 

BAF • *= Bioavailability Adjustment Factor 
F - Number of exposure events during the exposure 

period divided by the number of days in the 
exposure period (dimensions: events/time) 

^1 ~ Average duration of each exposure event 
(dimensions: time/event) 

D2 = Duration of the exposure period 
(dimension: time) 

Bwavg = Average body weight of the receptor of 
concern during the averaging period 
(dimension: mass) 

AP - Averaging Period (dimension: time) 
C = Appropriate units conversion factor(s) 

EXPOSURE ASSESSMENT - SECTION IV, p. 14 



b. Inhalation of Gaseous OHM 

Gaseous Oil or Hazardous Material (for 
example, OHM volatilized from contaminated 
soil) may be inhaled both on- and off-site. 
An Average Daily Dose due to the inhalation 
of gaseous OHM (ADDjjjjjg) may be calculated: 

ADDinhg " t0HM3air * VR * BAF * Dx * D2 * F * C 

BWavg * A? 

Where: 

[°HM3air = Representative concentration of gaseous 
OHM in the air at the Exposure Point during 
the period of exposure (dimensions: 
mass/volume) 

VR = Daily respiratory volume for the receptor of 
concern during the period of exposure, 
(dimensions: volume/time) 

BAF = Bioavailability Adjustment Factor 
F — Number of exposure events during the exposure 

period divided by the number of days in the 
exposure period (dimensions: events/time) 

D^ Average duration of each exposure event 
(dimensions: time/event) 

D2 = Duration of the exposure period 
(dimension: time) 

BWavg = Average body weight of the receptor of 
concern during the averaging period 
(dimension: mass) 

AP - Averaging Period (dimension: time) 
C = Appropriate units conversion factor(s) 

EXPOSURE ASSESSMENT - SECTION IV, p. 15 



ADDsw 

ADDswd 

ADDswi 

ADDswih 

AF 

AIC 

AIS 

AP 

Background 

BAF 

Total Average Daily Dose received via 
exposures to contaminated surface water: 

BW avg 

2 

DEQE 

Disposal 
Site 

ADDSW - A^Dswd + ADD swi ADDswih 

- Average Daily Dose received via dermal 
contact with contaminated surface water 

Average Daily Dose received via incidental 
ingestion of contaminated surface water 

Average Daily Dose received via inhalation 
of contaminants volatilized from surface 
water 

- Fraction of OHM in soil absorbed through 
the skin (unitless) 

- Allowable Intake, Chronic 

- Allowable Intake, Subchronic 

Averaging Period (units: days) 

- The level of oil or hazardous material in 
the environment which would exist in the 
absence of the disposal site 

- Bioavailability Adjustment Factor 
(unitless) 

- Average Body Weight of the receptor of 
concern during the period of exposure 
(units: mass) 

- Appropriate units conversion factor 

- Average duration of each exposure event 
(units: hours/event) 

- Duration of the exposure period 
(units: days) 

The Massachusetts Department of 
Environmental Quality Engineering 

Any structure, well, pit, pond, lagoon, 
impoundment, ditch, landfill or other place 
or area, excluding ambient air or surface 
water, where uncontrolled oil or hazardous 
material has come to be located as a result 
of any spilling, leaking, pouring, 
abandoning, emitting, emptying, 
discharging, injecting, escaping, leaching, 
dumping, discarding, or otherwise disposing 
of such oil or hazardous material. The 

F - 2 
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EPA 901/5-89-001 
June 1989 

Supplemental Risk Assessment 
Guidance 

for the Superfund Program 

PART 1 - Guidance For Public Health Risk Assessments 

PART 2 - Guidance For Ecological Risk Assessments 

DRAFT FINAL 

June 1989 

Prepared by the U.S. EPA Region I 
Risk Assessment Work Group 

United States 
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4.0 EXPOSURE ASSESSMENT 

The exposure assessment identifies pathways and routes by which 
site contaminants may reach receptors and contaminant concen
trations at the points of exposure. This information is then 
integrated with known or predicted activity patterns such that an 
estimated exposure dose for each pathway and each contaminant of 
concern is generated. 

In this section, general methods and approaches used for conducting 
an exposure assessment are described. Four basic elements of any 
exposure assessment are identified below along with the section in 
which each is addressed. 

1. Identification of exposure pathways (Section 4.1) 

2. Estimation of exposure point concentrations for each 
selected pathway (Section 4.2) 

3. Estimation of exposure dose for each selected pathway 
(Section 4.3) 

4. Development of exposure scenarios (Section 4.4) 

Exposure pathways may involve several media, and the exposure 
assessment must address the exposure scenarios for each media. 
Methods and approaches for exposure evaluations specific to each 
media are presented in Sections 4.5 (Groundwater), 4.6 (Surface 
Water), 4.7 (Soil) and 4.8 (Air). 

4.1 IDENTIFICATION OF EXPOSURE PATHWAYS 

As described in the Superfund Public Health Evaluation Manual 
(USEPA 1986), an exposure pathway consists of four elements: 

1. A source and mechanism of chemical release into the 
environment. 

2. An environmental transport medium for the released 
contaminant (e.g., air) and/or a mechanism of contaminant 
transfer from one medium to another (e.g., deposition of 
particles onto soil). 

3. A point of potential contact of humans or biota (the 
receptors) with the contaminated medium (the exposure 
point). 
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4. An exposure route (e.g., inhalation) at the exposure 
point. 

When all four of these elements are present, an exDOsure pathway 
is considered "complete". For each public health ri'sk assessment, 
exposure pathways considered complete should be identified by the 
risk assessor. Some of the more common exposure pathways 
quantitatively evaluated in risk assessments are briefly identified 
below by the environmental medium of exposure. Note that there 
often are many potential pathways of exposure, only some of which 
are presented below. 

Air: Both indoor and outdoor exposures could result from 
inhalation of particulate matter and/or gaseous compounds from 
a nearby site. 

Groundwater: Exposures to chemicals migrating through 
groundwater from a site could result in the ingestion of 
contaminated water or in the inhalation of volatile organic 
compounds resulting from volatilization from household water 
usage. 

Surface Water: Exposures to chemicals in surface water could 
occur as a result of incidental ingestion, dermal absorption, 
or inhalation of volatile organic compounds released from 
surface water. 

Soil: Exposures to contaminants in soil could occur as a 
result of direct contact with soil and subsequent incidental 
ingestion or dermal absorption of these contaminants. 
Chemicals released from the soil into the air could also be 
a pathway of concern if the chemicals were subsequently 
inhaled. 

Food Chain: Exposures to chemicals could also occur as a 
result of ingestion of produce, fish, or game in which site-
related chemicals may have bioaccumulated (e.g., PCBs) 
or upon which such chemicals could have been deposited. 

Based on the list of exposure pathways, a screening process should 
be performed to determine which pathways should be evaluated in 
detail in the risk assessment. This screening process has not been 
precisely described in EPA guidance manuals but should be based on 
consideration of several important factors. These include whether 
there is sufficient data to evaluate exposure, the frequency and 
duration of likely exposures, and the relative contribution of the 
exposure to the total site risk. 

The number of pathways ultimately selected for detailed evaluation 
in a risk assessment varies depending upon site-specific conditions 
such as accessibility and availability of sampling data. In 
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general, anywhere from two or three to ten. or more pathways may be 
selected for detailed evaluation. In some cases, it will be 
extremely difficult to quantitatively evaluate a potentially 
important pathway due to inadequate sampling data and the 
availability of adequate fate and transport models. In these 
cases, it may be appropriate to qualitatively evaluate the pathway 
in the risk assessment. It may also be appropriate to obtain 
additional site information or data to further evaluate potential 
pathways of concern. This may be done as part of a phased Remedial 
Investigation effort. 

4.2 ESTIMATION OF EXPOSURE POINT CONCENTRATIONS 

The exposure point concentration refers to the amount of chemical 
in an environmental medium to which one may be exposed (i.e. the 
measured concentration in the medium of concern). The exposure 
point concentration is usually expressed in units of mass per unit 
volume (mg/1 or mg/m ) or mass per unit weight (mg/kg). Exposure 
point concentration should be differentiated from the term exposure 
dose - a term used to describe the resulting exposure from a 
particular concentration, expressed in units of mg/kg/day (see 
Section 4.3). 

Average and maximum chemical concentrations (exposure point 
concentrations) should be developed for each exposure pathway based 
on site sampling data or on modeling results. The sampling data 
used to characterize exposure point concentrations should be 
representative of the specific exposure pathway of concern. In 
some instances (if there is a discrete "hot spot" of contamination 
or if there are separate areas where different exposures are 
expected), it may be appropriate to identify exposure point 
concentrations for discrete areas of a site. In this case, a 
single exposure pathway may be evaluated more than once using 
exposure point concentrations derived from different portions of 
the site sampling data. 

4.3 ESTIMATION OF EXPOSURE DOSE 

To quantitatively estimate the risk posed by the presence of one 
or more contaminants in an environmental medium, one must estimate 
the exposure dose of each contaminant. The exposure dose is 
similar to the administered dose of a laboratory experiment from 
which cancer potency factors and reference doses are usually 
derived. 

Other terms important to understand include absorbed dose, 
metabolized dose, and body burden. Each of these terms relate the 
exposure dose to a particular biological function. The absorbed 
dose corresponds to the amount of the exposure dose that is 
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absorbed either through the., skin, the gastrointestinal tract, or 
the lungs. Similarly, the metabolized dose describes the amount 
which is metabolized. The metabolized dose is an important 
parameter when the toxic compound is thought to exert its toxic 
effects via a metabolite. 

Finally, the body burden is used to describe the level of a 
particular compound in a biological tissue or fluid. It is 
influenced by the exposure dose, absorption, metabolism, and 
excretion. The body burden is ideally the best measure of exposure 
to contaminants. Such measurements are however, beyond the scope 
of CERCLA risk assessments in which data describing exposure point 
concentrations is usually all that is available. Thus estimation 
of exposure dose forms the basis for the quantitative risk 
assessment process. 

The general equation that may be used to calculate an exposure dose 
is the total amount of chemical exposure divided by body weight and 
the period over which exposure is to be averaged. The exposure 
dose is also normalized by the use of a relative absorption factor 
(RAF) which takes into account differences in absorption between 
the medium and the exposure route of concern, and the medium and 
exposure route used in the laboratory study from which the cancer 
potency factor or reference dose was derived. The total amount of 
chemical exposure is estimated from information on the chemical 
concentration in the environmental medium of concern, the frequency 
and duration of exposure, and the magnitude of exposure to the 
medium of concern. Thus the general equation for computing the 
exposure dose is as follows: 

EXP-^ = jC^JM )(F)(0)(RAF jj. 
(BW)(AVG)(365 days/ye ear) 

where 
EXP^ = average daily exposure dose for pathway i 

(normalized) (mg/kg/day) 
Cm = chemical concentration in medium m (e.g., mg/kg) 
^ = magnitude of exposure to medium m per day of 

exposure (e.g., kg/day of exposure) 
F = frequency of exposure (days of exposure/yr) 
D = duration of exposure (yrs) 
RAFmi = relative absorption factor for medium m and 

pathway i (unitless) 
BW = body weight (kg) 
AVG = number of years over which exposure is averaged (70 

years for carcinogenic effects, D for 
noncarcinogenic effects) 
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In estimating exposure doses, the time over which the total dose 
is averaged differs when assessing carcinogenic and noncarcinogenic 
effects as discussed in Section 5.0. For carcinogenic effects, the 
total dose is averaged over a 70 year lifetime and over 365 days 
per year to yield an average daily lifetime dose. For 
noncarcinogenic effects, the total dose is averaged over the total 
period of exposure (i.e. 10 years) and over 365 days per year. 
This yields an average daily dos$ for the period of exposure. 
Representation of exposure dose in these terras facilitates future 
estimates of lifetime cancer risk and hazard indices. 

For noncarcinogenic effects, the standard averaging approach is 
most appropriately applied to exposure scenarios in which the 
frequency of exposure is high, such as several times a week 
throughout the entire year. For infrequent exposures, this 
approach may not accurately represent the potential for acute 
health effects. The implicit assumption to dose averaging is that 
a high dose over a short period of time is toxicologically 
equivalent to a low dose over a longer period of time. For many 
contaminants, acute or subchronic effects may occur from a single 
high dose or a limited number of moderately high doses. Averaging 
the total dose over an entire year may thus be inappropriate if it 
is anticipated that such acute noncarcinogenic health effects may 
occur. In this case, the risk assessor should evaluate the 
exposure dose incurred over a short period of time (such as a 
single exposure event) by making the necessary adjustments to F, 
D, AVG, and 365 days in the general exposure dose equation. The 
risk assessor should then compare this exposure dose to a health 
based criterion that is derived for a shorter exposure period such 
as a one or ten day Health Advisory. 

For some exposure pathways, such as incidental ingestion of soil, 
the bioavailability of the chemical from the environmental medium 
to which an individual is exposed should be taken into account as 
chemicals present in a soil matrix may be less bioavailable than 
chemicals present in a solvent or in water. The relative absorption 
factor (RAF) is defined as the ratio of the estimated absorption 
factor for the site-specific medium and route of exposure to the 
known or estimated absorption factor from the laboratory study from 
which the cancer potency factor or the reference dose was derived. 
The use of this factor allows the risk assessor to make appropriate 
adjustments to the assessment if the efficiency of absorption is 
known or expected to differ because of physiological, matrix, or 
vehicle effects. Relative absorption factors for each contaminant 
in each medium for each exposure pathway should be derived from the 
literature. However, due to a lack of data on the absorption of 
contaminants from soils, Region I has listed some default values 
for this pathway in Section 4.7.1 and 4.7.2. 

To the extent possible, EPA Region 1 has standardized the exposure 
parameters that should be used in risk assessments prepared for the 
Regional Office. These parameters (primarily for soils) are 
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presented in the appropriate exposure sections. Each of the 
exposure parameters contained in this guidance are subject to some 
inherent uncertainty as a result of limited experimental data and 
due to variability in individual activity patterns. While these 
values have some uncertainty in them, it was the feeling of the 
Region I Office that in order to afford consistency across risk 
assessments, it was advantageous to specify parameters to the 
extent possible. The Regional Office intends to reevaluate these 
parameters as new information becomes available. However until 
such time, they are to be used in risk assessments prepared for the 
Region I Office. The risk assessor should identify the limitations 
of this method in the risk assessment as these values will 
ultimately influence the risk estimate and the selection of target 
clean-up levels. 

4.4 DEVELOPING EXPOSURE SCENARIOS 

Exposure scenarios are developed to simulate possible exposures in 
the absence of site specific exposure information and to account 
for the variability in contaminant distribution and land use. 
Usually there are two levels to consider in developing exposure 
scenarios. The first involves identifying present and future 
potential exposure scenarios. Much of this task involves the 
identification of present and future land and water use at a site 
and at adjacent properties and identification of populations of 
concern. Present exposure scenarios are thus fairly easy to 
identify though as a word of caution, present exposure scenarios 
include those that have a present potential of occurring as well 
as those known to occur. Future exposure scenarios are often more 
difficult to, identify though Region I has maintained the position 
that future land use at most Superfund sites could be residential. 
Any deviations from a residential future exposure scenario should 
be approved by the EPA risk assessment specialist prior to 
proceeding with the development of the exposure assessment. The 
outcome of the first level of exposure scenario development should 
thus identify potential receptor populations and their exposure 
pathways to contaminated media considering both present and 
potential future land use. It is therefore not uncommon to 
identify some exposure scenarios as only being a future potential 
exposure scenario (i.e., ingestion of ground water) or to have more 
than one exposure scenario for a particular medium (i.e., present 
exposure to soils for adults and present exposure to soils for 
children). 

The second level in developing an exposure scenario involves the 
estimation of a range of conditions characterized by an "average 
case" and a "reasonable worst case" exposure scenario for each 
selected exposure pathway. The "average case" exposure scenario 
combines average values for exposure point concentrations with 
reasonably conservative exposure assumptions from the sections that 
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follow. Exposures represented by this scenario may reasonably be 
assumed to occur. However, the actual level of risk described by 
the "average case" exposure is likely to be lower than the value 
reported due to the use of conservatively derived health criteria. 
The "reasonable worst case" exposure scenario combines maximum 
values for exposure point concentrations with the reasonably 
conservative parameters applied to the "average case" estimate. 
The reasonable worst case scenario is intended to provide an upper 
bound of the possible risk. 

In selecting exposure parameters, (i.e., ingestion rate, relative 
absorption factor, body weight) the same parameter value should be 
used for both the average and the reasonable worst case exposure 
scenarios except for contaminant concentration Many of these 
parameter values are specified in the exposure sections that follow 
recognizing that certain parameters (ingestion rate, body weight, 
and exposure duration) may vary from scenario to scenario according 
to the population (adult vs. child) and land use (residential vs. 
industrial) for a given site. Values for the frequency and 
duration have not been specified in the guidance but should be 
determined on a case-by-case basis. Once determined, the same 
frequency and duration of exposure should be applied to both the 
average and reasonable worst case scenarios. Only when considering 
present vs. future exposures is there room for flexibility in the 
values assigned to exposure frequency and duration. Because 
frequency of exposure is very site specific, the risk assessor 
should carefully consider the size and location(s) of contaminated 
area(s) described by the average and maximum contaminant 
concentrations. Additionally, it is in the risk assessor's best 
interest to conduct a site visit to gain a better understanding of 
the site and potential exposure scenarios. 

4.5 EXPOSURES VIA GROUNDWATER 

There are several routes of exposure to contaminants that may be 
present in groundwater. These include: (1) direct ingestion of 
groundwater; (2) inhalation of chemicals released into indoor air 
as a result of household water use; (3) dermal absorption of 
chemicals from household water use; and (4) groundwater seepage 
into basements and subsequent volatilization into indoor air. 
Indirect pathways of exposure could also occur if contaminated 
groundwater is used to irrigate gardens and contaminants are 
subsequently deposited on or accumulated in food crops. 

4.5.1 INGESTION OF GROUNDWATER 

Exposures via ingestion of groundwater are almost always evaluated 
in a risk assessment. Exposures can be evaluated under both 
present site use conditions (e.g., nearby residents with 
contaminated well water) and under future"use conditions (e.g., 
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Non-detect (ND): The term used to refer to a chemical that is not 
present in sufficient quantity to be accurately quantified. 

Pica; An abnormal desire to eat substances not normally eaten. 

Receptor: An organism that receives, may receive, or has received 
environmental exposure to a chemical. 

Reference Dose (R£D): The RfD is based on EPA's identification of 
the threshold effects level with an added margin of safety. 
RfD represents an estimate of the daily dose level (mg/kg/day) for 
a particular compound that is likely to be without appreciable risk 
of deleterious effects when exposure occurs over a given period 
(usually a lifetime). 
Relative Absorption Factor: The ratio of the estimated absorption 
factor for the site specific medium and route of exposure to the 
known or estimated adsorption factor for the laboratory study from 
which the cancer potency factor or reference dose was derived. 

Risk: The potential for realization of unwanted negative 
consequences or events. 

Suggested No Adverse Response Level (SNARL): A term formerly used 
by EPA and the National Academy of Sciences corresponding to a 
contaminant level in drinking water at which adverse health effects 
would not be anticipated. 

Superfund Public Health Evaluation Database (PHRED)s Computer 
database available through EPA with chemical, physical, and 
toxicity information on various compounds. 

Teratogenicity: The capacity of a phys-cal or chemical agent to 
cause non-hereditary congenital malformations (birth defects) in 
offspring. 
Toxic/Target-Endpoint: The most sensitive yet significant 
noncarcinogenic effect caused by the administration of a compound. 
Examples include enzyme, weight, gross morphological, ana 
functional changes. Also the target endpoint serves as the basis 
from which some of the noncarcinogenic criteria (RfDs) are derived. 

Toxicity: The quality or degree of being poisonous or harmful to 
plant, animal or human life. 

Uncertainty Factor (UoF.): A factor used to account for the 
interspecies and intraspecies differences, severity of adverse 
effects, and the adequacy of data when determining the reference 
dose. 
Xenobiotic: A chemical compound that is foreign to a living 
organism. 
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PREFACE 

In May 1986, UOP Inc. entered into an Administrative 
Consent Order (ACO) with the New Jersey Department of 
Environmental Protection (NJDEP) for completing remedial 
investigations and initiating feasibility studies and remedial 
actions at the UOP National Priority Listed site in East 
Rutherford, NJ. In order to organize the investigations and 
studies, the site was delineated into six areas as described in 
the general work plan (Geraghty & Miller Inc., September 
1986). As a part of the Remedial Investigation process, a 
human health risk assessment was completed for four of the six 
site areas: 1, 1A, 2 and 5. These areas represent the 
terrestrial portion of the site. The first draft of the risk 
assessment report was submitted to the NJDEP in May 1987, 
subsequently revised (Revision 1), and re-submitted to the 
NJDEP in October 1987. In review comments dated March 10, 
1988, the NJDEP required that Area 4, representing the on-site 
tidal stream channels, be incorporated into the risk assessment 
and also that ecological risks be considered. Further, the 
NJDEP required that the human health assessment include both 
direct and indirect exposure pathways from the stream channels 
to humans. 

An assessment of direct exposure pathways from the stream 
channels was incorporated into the human health risk assessment 
report which was submitted to the NJDEP as Revision 2 in 
October 1988. NJDEP comments on Revision 2 were received on 
April 28, 1989. The work plan was revised, and retitled as: 
"Risk Assessment Report, UOP Site, East Rutherford, NJ, Volume 
1, Human Health Risks." This version was submitted to the 
NJDEP in June 1989. 

A work plan (ENSR, 1988) was submitted to the NJDEP in 
October 1988 to address indirect exposure pathways from the 
stream channels and ecological risks. The activities described 
in the work plan were initiated in October 1988 under NJDEP 
approval of parts of the plan. NJDEP comments on the plan were 
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received in February 1989, and these comments were addressed in 
Revision 1 of the work plan submitted to the NJDEP later the 
same month. The work described in the plan was completed and 
the report: "Ecological Risk Assessment Report for the UOP 
Site, East Rutherford, NJ", was submitted to the NJDEP in May 
1989. NJDEP comments on this report were received by letter 
dated September 28, 1989. The report was revised and retitled 
for consistency with the human health risk assessment: "Risk 
Assessment Report, UOP Site, East Rutherford, NJ, Volume 2." 
This report is provided herein. A summary of the risk 
assessment volumes and their contents is provided below. 

• Volume 1 

Areas 1, 1A, 2, 5: Human health risks for all 
exposure pathways 

Area 4: Human health risks for direct contact with 
stream channel sediments 

• Volume 2 

Part I: All site areas, Ecological Risks 

Part II: Area 4, Human health risks of exposure to 
sediments through the food chain. 

8839H 6020-006-270 



PART I 
ECOLOGICAL ASSESSMENT 



EXECUTIVE SUMMARY 

This document presents an ecological risk assessment for 
the UOP site in East Rutherford, New Jersey. 

Focussed Environmental Assessment 

The assessment encompasses the entire 75-acre site with 
the exception of the two former wastewater lagoons (known as 
Area 3) that amount to about one acre. The methodology 
generally follows the format used in public health risk 
assessments. The major components in this report include: 

• a description of both the Indicator Species and 
Indicator Compounds selected for this analysis; 

• a discussion of exposure including a description of 
the model used to estimate contaminant concentrations 
in water; 

9 a characterization of ecological risks by three 
methods; and 

9 a discussion of uncertainties associated with such 
analyses. 

The three ecological risk methods used are the Toxicity 
Quotient Method and the Analysis of Extrapolated Error Method 
described by Oak Ridge National Laboratory for aquatic species 
and a dose-response method for mallard ducks and mink. 

Preliminary Survey 

A preliminary survey of terrestrial plants and wildlife on 
the site was conducted in October 1988. The survey of 
terrestrial animals and both woody and herbaceous vegetation 
indicated no differences between study and reference areas that 
might be associated with environmental impact. A study of 
aquatic invertebrates, however, indicated a difference in 
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composition of macroinvertebrates between the areas and no 
difference in zooplankton composition. 

During the preliminary survey, mummichog (Fundulus 
heteroditus) tagging and recapture studies were initiated. 
These studies were completed in November 1988 during an effort 
called the Focused Environmental Assessment. Results indicated 
a mummichog population of over 57,000 fish on the site. Data 
showed that the fish range at least 1,000 m. 

During October and November, 1988 a Focused Environmental 
Assessment was completed. This Assessment involved sampling 
stream sediment and fish (Fundulus heteroclitus) on the site 
and in a reference area across Berry's Creek. Mummichogs 
(Funduilus heteroclitus) and sediments collected in the Focused 
Environmental Assessment were analyzed for PCBs, chromium, and 
mercury. Ranges of fish body burdens averaged for four 
different channels on-site and in the reference area are as 
follows: PCBs, 31-89; total chromium, 1.4-28; and total 
mercury, 1.2-2.3 all in jig/g-dry weight (ppm-dry weight). 

Ranges of sediment concentrations for four different 
channels on-site and in the reference area are: PCBs, 
0.69-123; total chromium, 6.6-26,900; chromium (VI), 
undetectable - 64; and total mercury, 5.9-150 all in ng/g-dry 
weight (ppm-dry weight). Sediment concentrations of PCBs and 
chromium are highest at the most instream portion of the study 
site and lowest at the reference area. The concentrations of 
mercury in the reference area are higher than on site, which is 
indicative of an off-site source. Comparison of sediment to 
fish tissue concentrations for these chemicals suggests little 
or no relationship for mercury and chromium, and a positive 
relationship for PCBs. 

Indicator Compounds and Indicator Sperigs 

Selection of Indicator Compounds is based on: (1) 
concentrations of chemicals reported on the site in both 
sediments and water, (2) the frequency of detection for the 
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contaminants, (3) federal Ambient Water Quality Criteria, and 
(4) knowledge of potential toxicity of the chemicals. The 
final selection includes both metals and organic compounds. 
The 11 Indicator Compounds for the ecological risk assessment 
are cadmium; chromium; mercury; lead; zinc; 
1,2-dichlorobenzene; 1,2-diphenylhydrazine; 
di(2-ethylhexyl)phthalate; PCBs; phenol; and total PAHS. 

Based on the preliminary survey, the ecological risk 
assessment is limited to the tidal channels and surrounding 
area on the site. Indicator Species for the channel habitats 
are selected to represent a variety of taxonomic groups and 
life histories. The seven indicator species are Chironomidae 
or non-biting midges, Palaemonetes puaio or grass shrimp, 
Conqetia leucophaeta or platform mussel, Callinectes sapidus or 
blue crab, Fundulus heteroditus or mummichog, Anas platvrhvnhos 
or mallard duck, and Mustela vision or mink. 

Exposure Assessment 

For the aquatic species, the route of exposure to the 
Indicator Compounds is assumed to be from the column water and 
the sediment pore water. These species are the midges, grass 
shrimp, platform mussel, blue crab, and mummichog. For at 
least some of these species and chemicals, published studies 
indicate that uptake comes primarily from column water. For 
many of the Indicator Compounds, however, concentrations in the 
tidal channels are below test detection limits. To provide 
estimates of chemical concentrations and a measure of 
uncertainty associated with those estimates, column water and 
pore water contaminant concentrations are modeled. 

The modeling methodology begins with the measured 
contaminant concentrations in sediment. Equilibrium 
relationships are used to compute the concentrations in pore 
water surrounding the contaminated sediments. Further modeling 
simulates the mixing of pore water into the stream channel 
water column. This algorithm provides the contribution of 
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dissolved contaminants to the water column. A second analysis 
considers the contribution of organic contaminants adsorbed to 
suspended sediment. The water column concentration for this 
contribution was estimated by using suspended sediment values 
from Berry's Creek and assuming the suspended sediments are 
equal in contaminant concentration to the bed sediments. The 
two concentrations, dissolved and adsorbed, are added to arrive 
at a total concentration in the water column for each 
contaminant. 

Toxicity Quotient Method 

The modeled water concentrations (column and pore water) 
are then compared to toxicological benchmarks in the Toxicity 
Quotient Method (QM) described by Oak Ridge National 
Laboratory. The QM is simply an arithmetic comparison made by 
forming a ratio of an expected environmental concentration 
(EEC) to a benchmark concentration (BC) from a toxicological 
study. 

First, modeled column water concentrations of Indicator 
Compounds are used as EECs. Three types of BCs are used: 
Ambient Water Quality Criteria prepared by the USEPA and both 
acute and chronic test results for the Indicator Species or 
their close surrogates. Results indicate that concentrations 
of mercury, zinc, and PCBs in column water exceed one or more 
toxicological benchmark concentrations or Ambient Water Quality 
Criteria. 

Second, the toxicity quotient analysis is also conducted 
using modeled sediment pore water concentrations of Indicator 
Compounds as the EECs. Results indicate that pore water 
concentrations of cadmium, lead, mercury, zinc, phenol, and 
PCBs exceed the Ambient Water Quality Criteria and/or one or 
more of the toxicological benchmark concentrations. However, 
this comparison may not be accurate since these standards and 
benchmarks are based on an ambient open water environment, not 
on a sediment/interstitial water environment. 
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Analysis of Extrapolation Error Method 

For several of the the Indicator Compounds for which the 
Toxicity Quotient Method indicates the modeled water column 
concentrations are above the toxicological benchmark 
concentrations, and for chromium, which is below benchmark 
concentrations but occurs in high concentrations in sediments 
on the site, a second analytical technique is applied. This 
technique is the Analysis of Extrapolation Error (AEE), also 
described by Oak Ridge National Laboratory. AEE is a 
relatively new method for ecological risk assessment that 
produces an estimate of risk based on estimates of the 
toxicological endpoint (or benchmark) and of the uncertainty 
around that estimated endpoint. The AEE method allows a 
statement of uncertainty about the environmental concentrations 
exceeding toxicological benchmarks. The method has two 
components. First, a mean and a variance for a chronic 
toxicological benchmark for each Indicator Species are 
estimated from known toxicity test results and known 
relationships among these results. The mean is used as the 
chronic toxicity endpoint and, where necessary, may have been 
determined by extrapolation between species. The probability 
that the environmental concentration will exceed the chronic 
toxicity endpoint is then calculated based on the mean and 
variance of the endpoint and the mean and variance of the 
modeled channel water data. The AEE method was developed to be 
applied to water column exposure only and that is how it is 
applied in this risk assessment. 

The AEE method was applied for the following Indicator 
Compounds: chromium, mercury, zinc and PCBs and for the 
following Indicator Species: mummichog, blue crab and grass 
shrimp. The AEE results are interpreted as the probability or 
certainty that a species will not experience chronic effects 
from exposure to a particular compound. 

The AEE results indicate that it is probable that the mean 
modeled water column concentrations of zinc exceed extrapolated 
chronic toxicity endpoints for mummichog and blue crab. 
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There is also a relatively high probability that channel water 
concentrations of PCBs and inorganic mercury will exceed 
chronic toxicity endpoints, even though the mean modeled water 
column concentrations are less than the estimated toxicity 
endpoint values for the assessed species. On the other hand, 
there is a relatively high probability that modeled water 
column concentrations of chromium will not exceed the chronic 
toxicity endpoints for mummichog, blue crab or grass shrimp. 
For methyl mercury, the AEE results are less clear, although 
literature studies indicate that the bacteria in Berry's Creek 
sediments do not methylate mercury. Hence, species on the site 
may not even be exposed to methyl mercury. 

Mallard and Mink Risk Assessments 

Risk assessments were conducted for higher trophic level 
organisms, using mallards and mink as the Indicator Species. 
The risk assessments are based on comparisons of doses of 
contaminants ingested to toxicological benchmarks obtained from 
the literature. Foodchain pathways were evaluated for mallards 
consuming mercury-contaminated and PCB-contaminated food items 
and for mink consuming PCB-contaminated food items. PCB body 
burdens were directly measured in Fundulus heteroclitus 
collected at the UOP site and were found to be in a range of 
6.49 mg/kg to 34.08 mg/kg with a mean of 17.6 mg/kg (wet 
weight). This data is used in the mink and mallard risk 
assessments as a means of evaluating biomagnification of PCBs 
via the foodchain. 

Mallards eat a variety of foods, so for both mercury and 
PCBs, two feeding regimes are assumed based on reported diets. 
The first diet is assumed to be 300 grams of plants, and the 
second diet is assumed to be 30 grams of mummichogs and 200 
grams of plants. Measured mummichog body burdens were used in 
the analyses. Hazard indices for mercury (defined as dose 
received/benchmark dose) are 0.03 for the vegetarian diet and 
42.3 for the mixed diet. For PCBs, the hazard indices are 0.76 
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and 0.975 for the vegetarian and mixed diets, respectively. 
The results indicate that a vegetarian diet does not appear to 
pose any potential adverse effects, while a mixed diet shows a 
high potential for adverse effects. 

The risk assessment for mink is performed in a similar 
manner. Only risk from PCBs is considered. Mink eat a variety 
of foods, and one New York study indicates a diet of about on 
third fish. Assuming a conservative case, mink eat a diet of 
one third fish with mean body burden equal to the mean measured 
body burden of mummichogs on the UOP site. After estimating 
average mink weight and average total food intake, a maximum 
possible dosage can be calculated. By knowing the areal ranges 
that.mink travel and comparing that to the area of the channels 
where the contaminated mummichogs are available, a fraction of 
diet coming from the site is calculated under the conservative 
assumption that both a male and female mink have the center of 
their range on the site next to the channels. Because of the 
difference in ranges between sexes, the predicted risks are 
different. The conservative-case estimated exposure dose for a 
female mink with a den on the site is 109 fig PCB/kg body 
weight-day, or 70 times higher than the estimated tolerable 
dose. For the male, however, the conservative-case estimated 
exposure dose is 0.09 fig/kg-day, or about 17 times less than 
the estimated tolerable dose. An opposing scenario is that 
mink do not inhabit the site, and so are unexposed. Because of 
the small area of the site compared to the Meadowlands and the 
relative proximity of the site to a major road and human 
activities, the probability of female mink making dens on the 
site and experiencing conservative-case conditions remains 
questionable and may be quite small. 

Risk Assessment Uncertainties 

There are many uncertainties associated with this risk 
assessment and the various techniques employed, and using the 
AEE method, we have explicitly incorporated estimates of the 
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uncertainty in the analysis. Under the best conditions, 
ecologists have limited ability to predict future dynamics of 
single populations and less ability to predict the behavior of 
complex systems. Each step of this risk assessment makes 
simplifying assumptions without which the task would be 
overwhelming, but with which uncertainty increases. 

Uncertainties are reviewed in each section, but several 
sources pervade the entire assessment. First, many 
concentrations of chemicals in channel water are below test 
detection limits some or all of the time, and so field 
concentrations are unknown and model results cannot be 
completely verified. Second, there is natural variation in 
almost all aspects of animal physiology and great variability 
in most physical aspects of estuarine habitats, but some sort 
of mean or typical condition must be assumed for each method. 
Then, toxicological results for the Indicator Species exposed 
to the Indicator Compounds long enough to make an ecologically 
meaningful observation are not always available, and so these 
assessments rely on extrapolations, surrogate species, and 
other assumptions that cannot be completely evaluated. 
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1. INTRODUCTION 

1.1 Background 

This report presents the ecological risk assessment for 
the UOP site, East Rutherford, NJ (see Figure 1-1). The 
initial requirement to perform an ecological risk assessment 
was made in a NJDEP letter dated 10 March 1988 and was 
elaborated on in a letter dated August 22, 1988. During a 
meeting on 20 September 1988 the specific requirements for the 
assessment were agreed to by NJDEP and UOP. The assessment 
requirements were developed into a formal work plan: 
"Ecological Risk Assessment Work Plan, UOP Site," which was 
submitted to the NJDEP by ENSR in October 1988. The plan 
called for field investigations with laboratory analyses and 
literature based assessments. The field investigations began 
in October 1988 while the plan was under NJDEP review. NJDEP 
comments on the Work Plan were received by letter dated 
1 February 1989. The Work Plan was revised and submitted on 
24 February 1989. 

This report has nine chapters and nine appendices. 
Following Section 1, Introduction, the remaining chapters are: 

2 . Receptor Characterization 
3 . Hazard Assessment 
4. Exposure Assessment 
5. Toxicity Quotient Method 
6. Analysis of Extrapolation Error 
7. Ecological Risk Assessments for Ducks and Mink 
8. Uncertainty Analyses 
9. Summary and Conclusions 

The first eight appendices contain detailed analyses and 
data too voluminous to present in the main text. The last 
appendix contains the references for the report and the 
appendices. 
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1.2 Ecological Risk Assessment Methods 

The methodology used in this ecological risk assessment 
follows concepts that are similar to those used in public 
health risk assessments, but are modified for different 
receptors as outlined in ORNL (1986) and USEPA (1988). The 
major components of the methodology include: 

• selection of indicator compounds and organisms 
(Sections 1.3 and 1.4) 

• receptor characterization (Section 2) 
• hazard assessment (Section 3) 
• exposure assessment (Section 4) 
• risk characterization (Sections 5, 6 and 7) 
• uncertainty analysis (Section 8). 

The toxicity quotient method was used to screen for 
potential adverse ecological effects to the various receptor 
organisms. This method is a simple, quantitative form of risk 
characterization which is effective as a screening tool for 
identifying areas of concern. The method is one in which an 
estimated exposure concentration, EEC (surface water 
concentration, pore water concentration, food item 
concentration), is compared to a toxicological endpoint or 
benchmark concentration (BC). In this report, conservative 
assumptions were used in selecting benchmark concentrations as 
follows: 

1) The toxicology literature was reviewed to select 
endpoint concentrations (acute and chronic) for the 
same species as the indicator organisms of concern. 

2) In the absence of data for the particular Indicator 
Species, endpoints were chosen for the next most 
closely related species. If data were available for 
more than one closely related species at the next 
taxonomic level, the toxicity value for the most 
sensitive species was selected. 

1-3 
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3) If data were available on the chronic effects of 
exposure to the contaminant of concern, that quotient 
was given preference in the analysis and discussion 
over a quotient developed on the basis of acute 
effects. 

4) Lowest effect concentrations were selected as 
endpoints whenever possible. 

The two concentrations were then compared as a quotient: 

= Toxicity Quotient 

While this is not a risk estimate, because it does not provide 
a probability of an adverse effect, it does help answer the 
question: Is the estimated exposure concentration of 
ecological concern? Ratios for chronic effects which are less 
than 0.1 are expressed as "no concern", ratio of 0.1 to 10 are 
expressed as "possible concern", and ratios greater than 10 are 
expressed as "high concern" (USEPA, 1988). 

For the ecological risk assessment, a second method was 
also applied: the analysis of extropolation error (AEE) method 
described by Suter et al. (1986) in Barnthouse et al. (1986). 
This method provides an objective and quantitative estimate of 
risk that is defined in terms of toxicological benchmarks. One 
of the advantages of the method is that it allows a statement 
of uncertainty about the result. AEE was developed using data 
for fresh water fish and some invertebrates, and so cannot be 
applied to all species. In this report, AEE is applied to a 
subset of the data used in the quotient method. 

Analysis of extrapolation error is a method that allows 
the risk assessor to predict the probability that chronic 
effects would not occur. Because the method allows the 
calculation of probability that an expected environmental 
concentration (EEC) will exceed some end point, AEE is 
considered to be a true risk assessment method because it 
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yields an estimate of the probability of an event or a 
condition. AEE allows extrapolation between biological groups 
and extrapolation between types of tests (e.g., acute and early 
life stage). The uncertainty associated with the 
extrapolations is calculated and contributes to the estimation 
of uncertainty to the risk. 

A third method was also applied in this ecological risk 
assessment to assess species living in the Meadowlands that are 
not themselves immersed in the aquatic environment but which 
feed on aquatic plants and animals. A dose-response approach 
was combined with the toxicity quotient methodology to assess 
the likelihood of adverse effects on mallard ducks and mink. 

1.3 Selection of Indicator Compounds 

Indicator Compounds for in-depth analysis of potential 
ecological risks were selected from two sources. First, the 
list of compounds detected in the water and sediments as 
reported in the public health risk assessment (ENSR, 1988) were 
considered. Secondly, the entire list of compounds found at 
the site were examined for potential ecotoxicity by comparing 
water and sediment concentrations to: 

• ambient water quality criteria 
• frequency in which each contaminant was detected 
• toxicological benchmarks (LOEL and LC5Q). 

Using this process, a subset of chemicals was selected for 
evaluation in the ecological risk assessment (Table 1-1). The 
indicator compound list includes organics and metals which are 
representative of the range of contaminants detected in the 
water and sediments at the site. Details of the Indicator 
Compound selection process are presented in Appendix G. 
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TABLE 1-1 
INDICATOR COMPOUNDS FOR THE RISK ASSESSMENTS 

Ecological 

mercury 
chromium 
1,2-dichlorobenzene 
zinc 
lead 
cadmium 
phenol 
total PAHs 
PCBs 
1,2-diphenylhydrazine 
di-2-ethylhexyl phthalate 

Public Health 

mercury 
chromium 
1,2-dichlorobenzene 
zinc 
lead 
1,2-diphenylhydrazine 
benzene 
arsenic 
carcinogenic PAHs 
PCBs 
1,1,2,2-tetrachloroethane 
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1.4 Selection of Indicator Species 

Although numerous species exist at the site, it was not 
necessary to examine each one specifically to determine the 
potential for ecological risk posed by contaminants at the 
site. Based on the results of the preliminary survey (Appendix 
A) and available data review. Indicator Species, as shown in 
Table 1-2, were selected for the site to represent various 
trophic levels and exposure pathways. The Indicator Species 
and the rationale for their selection are: 

• Chironomidae - aquatic larvae of non-biting midges. 
Chironomid midges represent a taxonomically and 
ecologically diverse group of insects whose larvae 
inhabit most aquatic habitats. Their natural life 
histories are diverse. These benthic invertebrates 
spend the majority of their life-cycle feeding on 
detritus and microbes in sediments. Chironomid 
larvae are eaten by both birds and fish, thus they 
represent a typical trophic link. Some toxicological 
information is also available for midge larvae. 

9 Palaemonetes puaio - The grass shrimp is an important 
pelagic component of the food web at the UOP site and 
is found in both the on-site stream channels and in 
Walden Swamp. Toxicity studies concerning this 
species and important indicator compounds (e.g., 
PCBs) are available. 

• Conqeria sp. - One species of mussel is abundant in 
on-site and reference areas. As a filter-feeding, 
stationary benthic invertebrate, some individuals of 
this species may be exposed to high indicator 
compound concentrations in sediments. 

• Callinectes sapidus - The blue crab is found in and 
around the Berry's Creek area. It is a scavenger, 
and is readily exposed to sediments. This species 
may be consumed by humans. 
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TABLE 1-2 
INDICATOR SPECIES AT THE UOP SITE 

Common Name 

Mink 
Mallard duck 
Blue crab 
Mummichog 
Midge 
Grass shrimp 
Platform Mussel or Blue mussel 

Scientific Name 

Mustela vison 
Anas Platvrhvnchos 
CaUinectes sapidus 
FundulUS heteroclitus 
Chironomidae 
Palaemonetes puaio 
Conaeria leucopheata o 
Mytilus edulis 
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® Fundulus heteroclitus - The mummichog is probably the 
most common forage fish in the stream channels. It 
was also designated by the NJDEP as the indicator 
organism for the focused environmental assessment 
(Appendix C). This fish's behavioral patterns 
suggest that it may be significantly exposed to 
sediments and, as a forage species, it represents a 
potential link to higher trophic levels. 

• Anas platvrhvnchos - Mallards nest in the meadowlands 
area and their presence has been reported on site 
(Appendix A). These ducks feed by dabbling in stream 
channels, and they may be hunted and consumed by 
humans. Toxicity studies concerning mallards and 
important Indicator Compounds (e.g., PCBs) are 
available. 

• Mustela vison - According to historical records, mink 
have been observed in the meadowlands area. Based on 
the possibility that mink do inhabit the Meadowlands, 
this species was assessed at the request of NJDEP. 
Mink feed on a variety of prey including fish, 
reptiles, amphibians, crustaceans, ducks and 
mammals. Mink are sensitive to PCBs and will show 
signs of toxicity at low doses. 

The above seven taxa represent several trophic levels of the 
aquatic ecosystem of the Berry's Creek area. No primary 
producers were chosen because this is predominantly a 
detrital-based food web. No reptiles or amphibians were chosen 
as aquatic Indicator Species because: 

• little or no evidence was found of aquatic/semi-
aquatic species in the on-site or reference areas, and 

• birds (such as mallards) are more representative of 
higher order vertebrates which utilize this habitat. 
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2.. RECEPTOR CHARACTERIZATION 

The receptors that are analyzed in the risk assessment are 
the Indicator Species selected in Section 1.3. For the 
analyses there are insufficient data to project beyond 
populations of individual species to quantitative assessment of 
community-level or ecosystem-level effects. However, there is 
some qualitative discussion in the following sections which 
address potential effects at those higher levels based upon 
reports from the published literature compared to available 
data. 

2.1 Fundulus heteroclitus 

The mummichog is the most common forage fish in the stream 
channels. It has also been designated by the NJDEP as the 
indicator organism for the focused environmental assessment 
(see Appendix C). The behavioral patterns of this fish suggest 
that it may be exposed to sediments, and, as a forage species, 
it represents a potential link to higher trophic levels. 

The mummichog has an extensive Atlantic coast range from 
the Gulf of St. Lawrence to northeast Florida. This species, 
whose habitat requirements differ greatly from those of other 
Fundulus sp., is normally found in salt water marshes and tidal 
creeks, but does enter fresh water to a limited extent 
(Robin et al., 1986). Few quantitative data are available on 
seasonal ranges of this fish species. Lotrich (1975) described 
a summer range of 36 m. The exact homerange of Fundulus on the 
UOP site is unknown. However, during the marked recapture 
study described in Appendix C, herein, mummichogs were 
recaptured after one month at a distance of more than 1,000 
meters from their original capture site. This comparatively 
large range may be due in part to the tidal hydraulic 
characteristics in the area. During careful observations, 
mummichogs were observed to move with the tidal currents and 
not burrow into the sediment during ebb tide. 
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The mummichog is an omnivore. Digestive tract analyses 
have shown the following dietary components: diatoms, 
amphipods and other crustaceans, molluscs, fish eggs, small 
fishes and vegetation such as eel grass (Scott and Crossman, 
1973). Available information indicates that the mummichog may 
consume five times as much detritus as other foods (Jeffries, 
1972). E. heteroclitus will neither grow nor maintain weight 
when fed detritus, but may ingest detritus accidentally along 
with prey (Prinslow et al., 1974). 

Fundulus heteroclitus may live about four years, while 
significant mortality has been recorded at three years of age 
(Valiela et al., 1977; Fritz and Garside, 1975). 

t 
2.2 Callinectes sapidus 

The blue crab is an estuarine species that ranges from 
Nova Scotia to Florida and Texas (Gosner, 1981). It lives in 
close contact with sediments, may bury itself at low tide (Teal 
and Teal, 1969), and ingest sediment while feeding (Williams, 
1984). Blue crabs may be consumed by humans. The following 
description of blue crab ecology is excerpted from Williams 
(1984): 

"The blue crab is a coastal creature occurring on a 
variety of bottoms in freshwater, estuaries, and shallow 
ocean from water's edge to approximately 90 m...but mainly 
in the shallows to depths of 35 m. Hatching in the mouths 
of estuaries and shallow ocean, development of larvae 
progresses in the ocean..., followed by migration of 
megalopae and young crabs back into estuaries to mature 
into adults... 

"During its life the blue crab leads a migratory 
existence. The migratory patterns have been studied in 
greatest detail in Chesapeake Bay but the pattern seen 
there appears to be true of other areas as well. Mating 
usually takes place in water of reduced salinity well up 
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in the estuaries. After this, the females migrate 
downstream to areas of higher salinity near the mouths of 
estuaries where the eggs are laid and hatched, whereas the 
males tend to remain in the low-salinity areas for the 
remainder of their lives. For this reason, samples of 
adult crabs (or commercial catches) near the sea contain 
greater numbers of females, whereas those from the middle 
or upper reaches of bays contain larger percentages of 
males except at the breeding season. Once in the spawning 
areas, the females tend to remain for the duration of 
their lives or move a short way out to sea. Once hatched, 
the zoeae lead a planktonic existence until they transform 
to the megalopa stage. This stage also is planktonic, at 
least in part, for large numbers of megalopae enter 
estuaries in surface plankton..., their abundance 
influenced to some degree by light, current or 
pressure... King (1971) found three waves of abundance in 
Texas, January-March, May-June, October, but there as 
elsewhere they occur all through the year. Migration 
either as megalopae or first crab stage leads up the 
estuary to the maturing grounds. Early recruits may reach 
these areas in their first summer, but the remainder may 
not reach them until early in the second year of life. 

"In Chesapeake Bay, it has been demonstrated that 
crabs spawned in June of one year are mature about 14 
months later and at that time mate. Most mating pairs are 
found in July, August , or September, although the mating 
season extends from May to October. At this time, females 
ready to molt into the mature stage...are carried 
about...under the males' bodies. Usually, a female mated 
in late summer casts the first batch of eggs the following 
spring at the age of two years, but egg laying may be any 
time from two to nine months after mating. Three years is 
judged to be about the normal maximum age for this species 
and the animals are estimated to undergo some 18 to 20 or 
more molts before reaching maturity..." 
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Normal diet includes a variety of materials including 
fishes, benthic invertebrates, and plant material. Blue crabs 
may be a major predator on infauna, and scoop up mud to feed on 
the infaunal organisms living in it. 

2.3 Palaemonetes spp. 

Grass shrimp have been identified from the Hackensack 
meadowlands (Hackensack Meadowlands Development Commission, 
1987) and probably occur on this site. Palaemonetes has been 
used in bioassay testing, and therefore some toxicological 
information exists for this genus. The genus Palaemonetes 
(family Palaemonidae) ranges from Cape Cod to the Gulf of 
Mexico. Grass shrimp inhabit a variety of estuarine habitats, 
but are more likely found on the bottom than swimming free. 
Grass shrimp are said to tolerate substantial pollution levels 
in general (Gosner, 1978). 

2.4 Conaeria leucooheaeta (Similar Species: Mvtilus edulis) 

Congeria (- Mytilopsis) is a common bivalve in brackish to 
fresh water near rivers from New York to Florida to Texas and 
Mexico. It attaches itself to rocks and twigs by a short 
byssus. Colonies occur in clumps similar to those formed by 
the blue mussel, Mvtilus edulis. which it superficially 
resembles (Abbott, 1954). Little research has been done on 
Conaeria compared to Mytilus. therefore Mytilus may be used as 
a surrogate species. Both species are filter feeders that may 
be exposed to toxicants that are dissolved or borne on organic 
particles. 

The blue mussel has been reported in the Meadowlands area 
and is representative of other bivalve inhabitants. As these 
organisms are filter-feeding benthic invertebrates, exposure to 
contaminated sediments is likely to be significant. 
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The blue mussel ranges from the Arctic to South Carolina 
and Alaska to Baja, California (Gosner, 1981). This species is 
euryhaline, living both off shore and in brackish water 
intertidal areas (Gosner, 1978). In an intertidal environment 
the mussel attaches itself to rocks, pilings or any other solid 
object (Gosner, 1981). In prime habitats this species reaches 
full growth within one year. Elsewhere, two to five years are 
necessary for full maturation (Gosner, 1978). 

2.5 Chironomidae spp. 

Larvae of the midge family are an important component of 
fresh water and low salinity food webs. These organisms may 
come in direct contact with the potentially contaminated 
sediments and, as a food source for many organisms, indirectly 
expose higher order consumers to the sediments and their 
contaminants. 

Members of the midge family are very common in nearly all 
water infiltrated environments: ponds, lakes, streams, and 
estuaries (Borror and White, 1970). The North American range 
of ChiEQnpmus attenuatus is from British Columbia to Hudson Bay 
and Quebec south to California and Florida (Swan and 
Papp, 1972). 

The larvae of most midge species are aquatic, inhabiting 
the sediments for much of their life cycle (Swan and Papp, 
1972). Most midge species are herbivorous, feeding on algae, 
plankton and decaying vegetation (Peterson, 1960). Other 
midges such as Procladius are considered carnivores and 
opportunists, feeding on dead insects and newly hatched larvae 
of other insects (Wetzel, 1983; Swan and Papp, 1972). One 
stomach content analysis of a Chironomus sp. reported the 
presence of diatoms, infusoria, eggs of aquatic animals, and 
grains of sand. Many midge species do not feed in the winged 
state (Wetzel, 1983). 

8848H 6020-006-270 
2-5 



Eggs, approximately 500 for Chaoborus (phantom midge), are 
deposited in a gelatinous clump in the water or at its edges 
(Wetzel, 1983; Swan and Papp, 1972). The eggs hatch within two 
to four days, larvae of many species submerging into the 
sediments. The lifespan of the adult Chaoborus is less than 6 
days (Wetzel, 1983). 

2.6 An9S Platvrhvnchos 

The mallard duck was chosen as an indicator organism as a 
representative of the higher order vertebrates. This species 
is known to inhabit the Meadowlands area and may be hunted and 
consumed by humans. 

The mallard is widely distributed throughout the United 
States. In the eastern United States, breeding occurs from 
Nova Scotia to northern Virginia. Overwintering covers a 
broader range, from Nova Scotia to southern Mexico (Forbush and 
May, 1939). 

As with most ducks, the mallard prefers wet environments, 
but actually requires very little water and feeds readily on 
land. Dietary components of the mallard include seeds, reeds, 
fresh water snails and other molluscs, aquatic insects, fish, 
fish eggs, and all grains (Forbush and May, 1939). 

Mallards have one brood yearly and have lifespans of up to 
twenty-nine years. This species has shown a preference for 
nesting among Phraamites (Terres, 1980). 

2.7 Mustela vison 

The NJDEP required that mink be included as an indicator 
organism. This species was chosen because of its known 
sensitivity to polychlorinated biphenyls. Reproductive failure 
and/or fatality of mink have been recorded at low PCB 
concentrations (Ringer et al., 1981). 
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Mink, found in all contiguous 48 states, Alaska and all 
Canadian provinces, prefer fresh water habitats, but are often 
found in esturine environments. Fish and muskrat are the 
mink's major dietary components, but these carnivores will feed 
upon a wide range of mammalian, reptilian, amphibian, and avian 
organisms (Rue, 1981). 

Distinctly different homeranges have been determined for 
male and female mink. The female's range is normally 
restricted to less than 0.08 square kilometers, but if food is 
scarce, this range will be increased by 3 to 5 times. While 
with young, the female has one den. During the winter months, 
the females are as nomadic as the males, which have a range of 
up to 64.75 square kilometers (Rue, 1981). 

Both male and female are capable of breeding at one year 
of age, the yearly litter consisting of three to eight young. 
Mink has a reported lifespan of 10 years (Rue, 1981). 
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3. HAZARD ASSESSMENT - ECOTOXICITY REVIEW 

The ecological toxicity of each of the Indicator Compounds 
is summarized below. More detailed ecotoxicological profiles 
of the Indicator Compounds can be found in Appendix E. Most of 
the information on each compound cited in this chapter comes 
from the Ambient Water Quality Criteria documents published by 
the U.S. EPA under the Clean Water Act of 1972, as amended. 
References for this material are cited in Appendix E, and 
provided in Appendix I. 

Cadmium 

Cadmium is a metal which forms no stable organic 
compounds. Cadmium releases to the environment are generally 
associated with mining, smelting, alkaline battery disposal, 
and various manufacturing operations. 

Compared to other heavy metals, cadmium is relatively 
mobile in the aquatic environment and may be transported in 
solution as organic or inorganic complexes. Dissolved cadmium 
can be removed from solution through adsorption onto mineral 
surfaces. Cadmium is strongly bioaccumulated by both salt 
water and fresh water organisms at all trophic levels. 

In general, fresh water animal species are more sensitive 
to cadmium toxicity than are salt water species. Daphnia 
magna, one of the most sensitive species reported in the 
available literature, shows chronic toxicity at a concentration 
of 0.15 pg/L. 

To protect salt water life, the four-day average 
concentration of cadmium should not exceed 9.3 jig/L more than 
once every three years on the average and the one-hour average 
concentration should not exceed 43 ng/L more than once every 
three years on the average. The values for fresh water life 
are related to water hardness: 
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Four-Day 
Average 

One-Hour 
Average 

Concentration Hardness (CaC03) 
50 mg/L 
100 mg/L 
200 mg/L 

Concentration 
0.66 ng/L 
1.1 Jig/L 
2 .0 Jig/L 

1.8 fig/L 
3.9 pg/L 
8.6 ng/L 

Chromium 

Chromium is a heavy metal that generally exists in either 
a trivalent or hexavalent oxidation state. Chromium salts are 
used extensively in metal finishing and the tannery industry. 

Hexavalent chromium (CrVl) is rapidly converted to 
trivalent chromium (CrIII) in the presence of reducing agents. 
Hexavalent chromium is soluble and mobile in water, and 
trivalent chromium tends to form stable complexes with 
negatively charged organic and inorganic species. Therefore, 
if the aquatic conditions favor Cr(III), accumulation will 
occur in sediments, and if Cr(VI) is favored, accumulation will 
occur in water. 

The acute toxicity of chromium is dependent on the 
hardness of the water. As hardness and pH increase, hexavalent 
chromium becomes less toxic, whereas trivalent chromium tends 
to be more toxic in soft water. 

The federal Ambient Water Quality Criteria for trivalent 
chromium are as follows: 

The lowest observed effect level for trivalent chromium in salt 
water is 10,300 \ig/L for acute exposure. 

The federal Ambient Water Quality Criteria for hexavalent 
chromium are as follows: 

Fresh Water (ua/L) 
Acute Chronic 
1,700 210 
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Fresh water (ita/L) 
Acute Chronic 
16 11 

Salt water (fia/Ll 
Acute Chronic 
1,100 50 

1.2-Dichlorobenzene 

1,2-Dichlorobenzene is used primarily as a process 
chemical in the production of toluene diisocyanate, and in the 
manufacturing of dyes, herbicides, and degreasers. 

1,2-Dichlorobenzene has a low water solubility and 
volatilizes quickly, although it may also be adsorbed by 
sedimented organic material. 1,2-Dichlorobenzene has a high 
affinity for organic materials, and probably bioaccumulates. 
There is evidence that this compound is persistent and is 
probably degraded slowly by microorganisms already growing on 
another hydrocarbon source. 

Among fresh water species tested, as reported by U.S. EPA, 
rainbow trout (Salmo qairdneri) was the most sensitive 
species. The mysid shrimp (M. bahia) was the most sensitive 
salt water species tested, as reported by U.S. EPA. Only the 
fathead minnow was tested under chronic conditions. This 
embryo/larval test resulted in an effect concentration of 
2,000 iig/L. 

Federal Ambient Water Quality Criteria for protection of 
aquatic life have not been established. The lowest observed 
effect level for fresh water is 1,120 ng/L for acute exposure 
and 763 ng/L for chronic exposure. The lowest observed effect 
level for salt water is 1,970 jig/L for acute exposure. 

Pi(2-ethvlhexvl)phthalate 
• 

Di(2-ethylhexyl)phthalate (DEHP) is primarily used as a 
plasticizer for resins such as polyvinyl chloride for the 
manufacturing of materials such as tubing and containers for 
blood products. DEHP is not believed to undergo any 
significant direct photolysis, hydrolysis, or volatilization. 
DEHP is likely to be adsorbed onto sediments and organic matter. 
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Federal Ambient Water Quality Criteria have not been 
established for DEHP. The lowest observed effect level is 940 
fig/L for acute exposure and 3 ng/L for chronic exposure. 
The lowest observed effect level for salt water is 2,944 \ig/L 
for acute exposure and 3.4 |ig/L for chronic exposure. 

1.2-Diphenvlhvdrazine 

1,2-Diphenylhydrazine is used in the synthesis of 
phenylbutazone and as an intermediate in the production of 
dyes. 1,2-Diphenylhydrazine is rapidly oxidized to azobenzene 
in aerated solutions, where azobenzene can then be reduced. 
1,2-Diphenylhydrazine is resistent to hydrolysis and has little 
tendency to volatilize from water. There is a strong tendency 
for 1,2-diphenylhydrazine and azobenzene to be adsorbed to 
organic matter. 

Only two species have been used in toxicity tests as 
reported by U.S. EPA. The acute value for Daphnia magna was 
4,100 ng/L, and the acute value for bluegill (Lepomis 
macrochirus) was 270 \ig/L. There are no data available for 
chronic toxicity. 

Federal Ambient Water Quality Criteria have not been 
established for 1,2-diphenylhydrazine. 

Ls ad 

Lead is a metallic element which is used extensively in 
the manufacture of storage batteries and formerly in gasoline 
and paint. 

Lead tends to form complexes with naturally occurring 
organic materials and therefore has an affinity for clays and 
mineral surfaces. Most lead compounds, with the exception of 
tetramethyl lead, are not volatile. The adsorption of lead to 
sediments is highly pH-dependent. At a pH of 7 or above 
essentially all lead is in the solid phase, and at low pH lead 
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is negatively sorbed (repelled from the adsorbent surface). 
Because lead is easily complexed, precipitation can be 
important in controlling its mobility. 

Lead, in general, is not bioaccumulated or biomagnified as 
the pH of most natural waters render lead unavailable for 
uptake. However, when it is available, mussels and oysters can 
accumulate high levels of lead in edible tissues. 

The toxicity of lead to aquatic organisms is often 
dependent on the hardness of the water, with species being more 
sensitive in soft water. 

The federal Ambient Water Quality Criteria for the 
protection of aquatic life are as follows: 

Fresh water (NG/L)  Salt water (UO/LI  

Acute Chronic Acute Chronic 
82 3.2 140 5.6 

Mercury 

Mercury is a silver white metal found as a liquid at room 
temperature. It is used in electrical apparatus, thermometers, 
and barometers. 

Elemental mercury can be oxidized to divalent mercury 
under natural conditions. Divalent mercury can be methylated 
by bacteria and in the slime coat and intestines of fish. 
Methyl mercury is the most water soluble form of mercury, and 
comprises most of the mercury residual in tissues of aquatic 
organisms. 

The acute and chronic toxicity of mercury is not only 
species-specific, but it also depends on the chemical form of 
mercury: divalent inorganic mercury, methyl mercury, and other 
organic compounds. 

The federal Ambient Water Quality Criteria for mercury is 
as follows: 
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Fresh water (ua/L) 
Acute Chronic 
2.4 0.012 

Salt water fpa/L'> 
Acute Chronic 
2.1 0.025 

Phenol 

Phenol is a widely used industrial chemical which is 
slowly reduced in the aqueous environment through 
photo-oxidation. Phenol is resistant to hydrolysis, there is 
little tendency for it to volatilize from water, and it is not 
likely to become sorbed to organic sediments. There is a wide 
range of species sensitivity to phenol for both fresh water and 
salt water species. 

There are no federal Ambient Water Quality Criteria for 
the protection of aquatic life. The lowest observed effect 
level for fresh water is 10,200 ng/L for acute exposure and 
2,560 ng/L for chronic exposure. The lowest observed effect 
level for salt water is 5,800 fig/L for acute exposure. 

Polvnuclear Aromatic Hydrocarbons 

Polynuclear aromatic hydrocarbons (PAHs) are a class of 
compounds consisting of substituted and unsubstituted 
polycyclic and heterocyclic aromatic rings. As a group, they 
are widely distributed in the environment, having been found in 
animal and plant tissue, sediments, air, and surface water. 

Most PAHs undergo direct photolysis in the aqueous 
environment, and PAHs with four or more rings are unlikely to 
undergo any significant volatilization. Most PAHs adsorb onto 
particulate matter and can be transported in water. Sorption 
onto sediments is strongly correlated with organic carbon 
levels in sediments (adsorption increases with carbon 
content). Bacteria have been shown to use some PAHs as a sole 
source of carbon for growth, and biodegradation is thought to 
be an important fate process for PAHs with four or fewer 
aromatic rings. 
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There are no federal Ambient Water Quality Criteria 
available for PAH. The lowest observed effect level for salt 
water is 300 pg/L for acute exposure. 

Polvchlorinated Biphenvls 

Polychlorinated biphenyls (PCBs) are no longer 
manufactured in the U.S. However, due to the long life of 
products containing PCBs, many of the PCBs previously 
manufactured are still in use. 

In general, PCBs are extremely resistant to oxidation and 
strongly resistant to both acid and base hydrolysis. In the 
aquatic environment PCBs are very likely to be sorbed to 
sediments and are strongly bioaccumulated. 

In acute toxicity tests the most sensitive salt water 
species was the eastern oyster (£. virainica). Among the fresh 
water species, the rainbow trout (£. aairdneri) and fathead 
minnow (£. promelas) were some of the most sensitive. In 
chronic tests, the midge (I. dissimilis) was one of the most 
sensitive fresh water species. Only one salt water species was 
tested, the sheepshead minnow (£. varieaatus). which was found 
to be more sensitive to Aroclor® 1254 (value •» 0.098 pg/L) 
than to Aroclor® 1016 (value » 7.14 pg/L). 

The federal Ambient Water Quality Criteria for the 
protection of aquatic life are as follows: 

Fresh water (pq/L) Salt water (ua/h) 
Acute Chronic Acute Chronic 
2.0 0.014 10 0.03 

Zinc 

Zinc is a metallic element which is ubiquitous in the 
environment and is present in most foodstuffs including meats, 
seafoods, whole grains, and dairy products. Zinc is widely 
used in galvanizing processes and in various medicinal 
preparations. 
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The predominant fate of zinc is adsorption to sediments 
and clay minerals. Zinc is bioaccumulated readily from 
detrital organic material, although little uptake occurs when 
zinc is co-precipitated with hydrous iron or manganese oxides. 

In acute toxicity tests, Danhnia magna was one of the most 
sensitive fresh water species (EC5Q or LC5Q = 525 pg/L), 
while the hardshell clam, Mercenaria mercenaria. was one of the 
most sensitive salt water species (ECcn or LCCrt = 195 

o\) 50 
pg/L). In chronic toxicity tests, I), magna was one of the 
most sensitive fresh water species (46.7 pg/L). Only one salt 
water species, the mysid shrimp (M. bahia). was tested. The 
chronic value was 166.5 pg/L. Reported bioconcentration 
factors range from 51 to 23,820. 

The federal Ambient Water Quality Criteria for the 
protection of aquatic life are as follows: 

Fresh watet (pg/L) Salt water (iio/L) 
Acute Chronic Acute Chronic 
120 110 95 86 
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4. EXPOSURE ASSESSMENT 

4.1 Sources 

The main pathways of exposure for the Indicator Species 
are w.ater, food, and sediment. The selection of pathways for 
analysis depends in part on the biology of the species and in 
part on the requirements of the method of analysis. Three 
types of analysis are used to estimate the effects of exposure 
on the Indicator Species. First, a screening level analysis is 
applied to all 11 Indicator Compounds and all seven Indicator 
Species. For three aquatic species, a relatively new type of 
analysis, called analysis of estimated error, is also applied. 
For mink and mallard duck, an analysis based on dose and 
dose-response is used. 

4.2 Fate and Transport 

Sediment samples taken from the tidal creek and channels 
on the site were analyzed to determine the geographic 
distribution of indicator chemicals. Samples taken at a 
reference area designated by the NJDEP were analyzed to provide 
a measure of the levels of these chemicals off the site. 
Geographic patterns, if any, in the distribution of indicator 
chemicals can be used to make inferences about the fate and 
transport of these chemicals. 

Surface water data can be used to make inferences about 
water-borne transport of the chemicals. The surface water 
analyses were performed several years ago and many of the 
detection levels were higher than is needed for the risk 
analysis. For this reason, sediment data were used in 
contaminant concentration modelling to predict water-borne 
concentrations. The results were checked against measured 
values in water where possible. 
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4.3 Exposure Concentrations 

Many exposure pathways are possible in the estuarine 
environment at the UOP site, including: 

• direct contact with and ingestion of contaminated 
column water, 

• direct contact with and ingestion of contaminated 
sediments and pore water, and 

• ingestion of contaminated food. 

Measured concentrations of indicator chemicals in sediment 
and water are shown in Appendix G. Samples were collected by 
Geraghty & Miller (1987) in 1983 and 1985 and by ENSR in 1988. 
Columns in the table represent locations, which have different 
station designations depending on the year in which samples 
were collected. Sampling was conducted in 3 channels, which 
are designated A, B, and C (Figure G-2). The northern and most 
inland channel is A. B is a meandering channel that may be the 
original creek, and C is the southernmost channel which opens 
into Berry's Creek. Channel B connects channel A with B. The 
reference area is designated D. 

In 1988, three chemicals (i.e., PCBs, chromium, and 
mercury) were measured in sediments, while none were measured 
in water. In the 1983 and 1985 data, many chemical 
concentrations in water were below detection limits. 

In 1988, levels of Aroclor® 1248 ranged from 1.1 mg/kg 
dry weight in sediments at location D to 123 mg/kg at a 
location in channel A. On the site, the mean concentration of 
Aroclor® 1248 at all stations within a channel was highest in 
channel A (mean - 104 mg/kg, n - 3), intermediate in channel B 
(mean = 49.6 mg/kg, n » 3), and lowest in channel C (mean = 
20 mg/kg, n = 3). 

In that year, total chromium showed a similar pattern. 
Concentrations ranged from 1,022.7 mg/kg at location D to 
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26,900 mg/kg at a location in channel A. On the site, the mean 
concentration of total chromium at all locations within a 
channel was highest in channel A (mean = 18,913 mg/kg, n = 3), 
intermediate in channel B (mean - 6,921 mg/kg, n =3), and 
lowest in channel C (mean - 1,205 mg/kg, n = 3). 

The distribution of mercury in that year was slightly 
different. Location D had a higher concentration of mercury 
than any of the average channel concentrations. (There were no 
replicate samples at D, however). Concentrations ranged from 
5.9 mg/kg at a location in channel C to 108 mg/kg at a location 
in channel A. On the site, the mean concentration of total 
mercury at all locations within a channel was highest in 
channel A (mean = 63.3 mg/kg, n - 3), intermediate in channel B 
(mean - 48.8 mg/kg, n = 3), and lowest in channel C (mean «= 
10.8 mg/kg, n = 3). 

In general, concentrations of PCBs and chromium measured 
in 1988 decreased in sediments with increasing distance away 
from the lagoon. Concentrations at reference location D were 
lower than on-site channel concentrations for Aroclor® 1248 
and total chromium, but higher for mercury. 

In order to have usable surface water data (i.e., 
concentrations below the high detection limits obtained in 1983 
and 1985), the concentration of contaminants in pore and 
channel water at the UOP site are predicted using available 
data on sediment concentration. This is done by using a Monte 
Carlo model to predict the average pore water concentration and 
a standard deviation about that average. This is followed by 
the use of an analytic algorithm to describe mixing of the 
sediment pore water into the channel water. 

The first step in this process is the calculation of an 
areally averaged sediment concentration. To do this, each 
sediment sample is assigned a fraction of the total channel 
area. The sediment concentration is weighted by this fraction 
in the calculation of the site wide average and standard 
deviation. For metal contaminants, distribution coefficients 
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(means and standard deviations) are available from the 
literature. As explained in Appendix F, a Monte Carlo analysis 
is used to generate pore water concentration estimates (mean 
values and standard deviations) from the sediment concentration 
and distribution coefficients. Similarly, pore water 
concentrations are estimated by a Monte Carlo analysis using 
the sediment concentration distribution, literature values of 
organic partition coefficients, and sediment fraction organic 
carbon distributions derived from site data. 

The calculation of channel water concentration is a linear 
transformation of the pore water concentration. As such, the 
mean and standard deviations of the pore water concentration 
distribution can be manipulated in closed form expressions to 
solve for mean and standard deviations of the channel water 
concentration distributions. 

The algorittim describing mixing of the pore water with the 
channel water is an USEPA screening procedure and assumes that 
there is a boundary layer of pore water at the channel bottom 
and that pore water mixes with the channel water depending upon 
the hydraulic parameters of the channel. This algorithm has 
been modifed to depict the tidal flushing of the channels at 
the UOP site. Most importantly, the channels are assumed to 
retain some contaminated water after each tidal cycle. The 
mixing algorithm is run iteratively until the channel water 
concentration converges to a stable value. 

4.4 Exposure Characterization 

In order to make some estimates about the effect of the 
exposure concentrations on biological species, some assumptions 
about exposure must be made in accordance with and the biology 
of the Indicator Species and the method of estimation used. 
Three types of analysis are used to estimate the effects of 
exposure on the indicator organisms. The first two types of 
analysis, the quotient method and analysis of extrapolation 
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error, are described in the User's Manual for Ecological Risk 
Assessment (Barnthouse et al., 1986). The third method, for 
ducks and mink, involves the estimation of risk from dose and 
toxicity. 

The first is a screening level analysis. This "quotient 
method" (QM) is applied to all 11 Indicator Compounds and all 
seven Indicator Species. For this method, expected exposure 
concentrations in column water and pore water are compared to 
benchmark concentrations from both acute and chronic toxicity 
tests. In this analysis, the measured concentrations are used 
where the concentrations are above detection limits. Also, 
expected environmental concentrations predicted by contaminant 
concentration modelling are also used. For this analysis, it 
is assumed that the organisms are exposed to the mean 
concentration continuously, so that the mean concentration can 
be used to select the benchmark concentration. 

The second method is the analysis of estimated error 
(AEE), which is applied to three Indicator Species and four 
Indicator Compounds. The three species are blue crab, grass 
shrimp, and mummichog, and the four compounds are chromium, 
zinc, mercury and PCBs. AEE also uses results from laboratory 
toxicity tests to establish the most closely related 
toxicological endpoints. Expected exposure concentrations in 
column water are used. As in the QM analyses, both measured 
concentrations above detection limits and predicted 
concentrations from contaminant concentration modeling will be 
used. In addition to the mean concentration, AEE also uses the 
variance of the concentrations. Like the analysis by QM, the 
AEE analysis assumes that the organisms are exposed to the mean 
concentration continuously, so that the mean concentration can 
be used to select an appropriate toxicological end point. 

For ducks and mink, the third method is to estimate a risk 
from PCBs and mercury based on assumptions about dosage. Here 
the route of exposure is through food. The analyses of PCBs in 
fish tissue are used. Measured concentrations of PCBs and 
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mercury in fish tissue from field collections in 1988 are given 
in Appendix D. Additionally, concentrations of PCBs and 
mercury in aquatic plants were estimated. 
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5.. TOXICITY QUOTIENT METHOD 

5.1 Introduction 

ENSR has used a "Toxicity Quotient Method" as a screening 
method to estimate the ecological risk from exposure to the 
Indicator Compounds in the channel water. The indicator 
species used in this assessment are: mummichog (Fundulus 
heteroclitus), blue crab (Callinectes sapidus), midge 
(Chironomus spp.,) grass shrimp (Palaemonetes pnqin). and 
mussel (Conaeria spp.). Based on the natural history of these 
five species, ENSR has computed the Toxicity Quotients using 
the estimated water column concentrations because the 
organisms would be predominantly exposed to this media. 

ENSR has also computed the Toxicity Quotients using the 
estimated pore water concentrations, even though this is not 
the dominant exposure route. The effects of sediment toxicity 
has also been addressed by calculating a sediment quotient for 
PCBs using the U.S. EPA (1988) interim sediment criteria 
method. Additionally, ENSR has discussed the effects of 
additivity, synergism, and antagonism in sediments based on 
recent work by Swartz et al. (1988), and reviewed a recent 
empirical investigation on the toxicity of New York Harbor 
sediments. 

5.2 Methodology 

G.W. Suter II has written extensively on the use of 
Toxicity Quotients as a way to assess ecological conditions at 
a site (see for example, Chapter 3 in ORNL, 1986). As he 
explains: 

The quotient method is simply the direct arithmetic 
comparison of a benchmark concentration (BC) from a 
toxicity test with an expected environmental concentration 
(EEC). It is typically calculated as the quotient of the 
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ratio EEC/BC. It is the basis for nearly all assessments 
of the environmental hazards of chemicals. In this basic 
form, the method amounts to an assumption that the test 
benchmark is a good model of the assessment end point 
(i.e., the level of toxic effect that is not to be 
exceeded in the ambient ecosystem). This assumption is 
most likely to hold when the toxicity tests have been 
performed for the particular assessment, using the 
anticipated temporal pattern of exposure and dilution 
water and organisms from the site. When it is recognized 
that this assumption may not hold, multiplicative factors 
are often applied to the quotients. 

For exposures in the aquatic environment (the estuarine 
channels), ENSR has estimated two sets of Toxicity Quotients: 
first with the estimated water column concentrations as the 
EECs, and second with the estimated pore water concentrations 
as the EECs. 

Interim sediment criteria values are also applied in a 
method analogous to the quotient method for water 
concentrations. Of the Indicator Compounds considered here, 
only one (PCBs) has a Sediment Quality Criterion in the Interim 
Sediment Criteria document (U.S. EPA, 1988). After normalizing 
sediment concentrations for organic carbon, a toxicity quotient 
can be calculated as a ratio of the expected environmental 
concentration to the Sediment Quality Criterion. 

5.3 Expected Environmental Concentrations in Water 

Table 5-1 lists the estimated average concentrations of 
the Indicator Compounds in the channel water and in the pore 
water (see Appendix F for a full discussion). 

Table 5-1 distinguishes between the two most prevalent 
valences of chromium (III and VI) and two of the possible forms 
of mercury (inorganic ion and methyl mercury). For chromium, 
the trivalent species is the thermodynamically preferred 
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T6.1 

dab 1000 Nov 1989 Table 5-1 

Estimated Average Concentrations of Indicator Compounds in the Water 

Indicator Compound 

Average 
Water Column 
Estimated from 
Sediment Data 

and Model 
(pg/i) 

Average 
Pore Water 

Estimated from 
Sediment Data 

and Model 
(pg/l) Note 

cadmium 

chromium (III) 

chromium (VI) 

lead 

mercury 

methyl mercury 

zinc 

1,2-dichlorobenzene 

phenol 

di-2-ethylhexyl phthalate 

1,2-diphenylhydrazine 

PAHs 

PCBs 

1.16E+00 

6.14E+00 

2.39E-01 

2.62E+00 

3.51 E-01 

3.51 E-01 

1.29E+02 

3.91 E-02 

6.03E+00 

1.24E-01 

3.08E-02 

1.50 E-02 

5.26E-01 

2.10E+02 

1.20E+03 

4.20E+01 

4.40E+02 

1.10E+02 

1.10E+02 

1.49E+04 

9.00E+00 

1.70E+03 

9.53E-05 

1.20E+01 

6.02E-02 

3.00E+00 

a, e 

e 

b, e 

c 

d, e 

a = total chromium minus chromium (VI) 
b •= assumed for worst case 
c = sum of three compounds 
d = aroclor 1248 
e = sampling in fall 1988 
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species in natural waters. No information on the relative 
speciation of mercury is available, except to note that 
bacteria can methylate the metal in anaerobic sediments. 

5.4 Exposure Routes 

Four of the Indicator Species for this study are pelagic 
or epifaunal, i.e., they live in the water column or on the 
surface of the sediments: mummichog, blue crab, grass shrimp, 
and mussel. Mummichog, blue crab and grass shrimp are mobile 
and likely to migrate; whereas mussels tend to attach to the 
substratum and do not migrate. 

Chironomid midges, the fifth Indicator Species, are not a 
species but a diverse group of insects; there are over 4,000 
species worldwide. Classification to genus and species is 
confused and difficult, although dipteran taxonomists are 
agreed on higher taxonomic categories. Most, but not all, 
chironomids have aquatic larvae. Different chironomid species 
feed on different types of food sources utilizing a variety of 
feeding behaviors. Some are carnivorous, others herbivorous; 
some are microphagous, meaning they filter microscopic organic 
materials from the surrounding water. Some species have a 
generation every two years, others have several generations in 
one year. In North America, a single water body may have only a 
few species, but highly productive streams may have more than 
30 species, and large lakes and reservoirs may have twice that 
number (Pennak, 1978). 

Most chironomid larvae are herbivorous and microphagous; 
most build tubes of some sort through which a current of water 
passes. Therefore, the most probable route of exposure to 
contaminants for midge larvae on the UOP site is through 
channel water. Sediment feeding or non-tube building species 
which could accumulate contaminants directly from sediment 
might be present, however, and so pore water exposure is 
possible. Larsson (1984) found that uptake of PCBs by 
particle-feeding larvae of Chironomus plumulosus-type midges 
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was directly related to PCB concentrations in sediments. In 
any case, taxonomic and life history diversity and problems 
with systematics suggest that more caution be exercised in 
interpreting conclusions for midges than for single species. 

5.5 Benchmark Concentrations 

Tables 5-2, 5-3, and 5-4 show the "benchmark" 
concentrations used in the denominators of the toxicity 
quotients: 

• Table 5-2 lists the Ambient Water Quality Criteria 
published by the U.S. EPA for these Indicator 
Compounds in salt waters. The U.S. EPA publishes 
these acute and chronic values as those 
concentrations which will protect the most sensitive 
life stages of the most sensitive species in a given 
(salt water) environment. 

• Table 5-3, drawn from the corresponding federal 
Ambient Water Quality Criteria Documents published by 
U.S. EPA, summarizes the concentrations known to 
cause acute effects (LC50 or EC50) in the Indicator 
Species in salt water. The table lists the lowest 
reported concentrations known to cause acute effects, 
along with the species, the chemical tested, and the 
citation, all reported in the U.S. EPA criteria 
documents (U.S. EPA Tables 1 or 6). 

• Table 5-4, in the same format and drawn from the same 
sources, summarizes the lowest reported 
concentrations known to cause chronic effects in the 
Indicator Species in salt water. The table lists the 
lowest reported concentrations known to cause chronic 
effects, along with the species, the chemical tested, 
and the citation, all reported in the U.S. EPA 
criteria documents (U.S. EPA Tables 2 or 6). 

5-5 
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deb 0800 27 Oct 80 

deb 2100 8 New 1089 

Table 5-2 

Ambient Water Quality Criteria 
US Environmental Protection Agency 

Indicator Compound 

Marine N Marine N date 
Acute 0 Chronic 0 reference 

Criteria t Criteria t 
(WJ/I) e 

••• 
(M9/I) 
•M 

e 
••O ••• 

cadmium 4.30E+01 

chromium (III) 1.03E+04 

chromium (VI) 1.10E+03 

lead 1.40E+02 

mercury 2.10E+00 

methyl mercury 

zinc 9.50E+01 

dichlorobenzenes 1.97E+03 

phenol 5.80E+03 

di-2-ethylhexyl phthalate 2.94E+03 

1,2-diphenylhydrazine 

PAHs 3.00E+02 

PCBs 1.00E+01 

9.30E+00 

5.00E+01 

5.60E+00 

2.50E-02 

8.60E+01 

3.40E+00 

3.00E-02 

50FR30784 

50FR30784 

50FR30784 

50FR30784 

50FR30784 

50FR30784 

52FR6213 

45FR79318 

45FR79318 

45FR79318 

45FR79318 

45FR79318 

45FR79318 

Notes: * = Insufficient Data to Develop Criteria 
Value is the LOEL - Lowest Observed Effect Level 

FR = Federal Register 
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Indicator Compound 

Tab* 5-3 
Concentrations for Acuta Effscts 

Cone 
(WO 

Mumnfchog 
(Fundutus hatarodtua) 

Cone 
(WO 

Blue Crab 
(Calnactas aaptdus) 

Cone wo (Chtrononus ap.) 
Cone 
(WO 

Grass Shrimp 
(Pataemonetee) 

Cone 
(WO (Congeriarft.) 

cadmium 

criwilum 11) 

ehnria VI 

mercury 

iiiolliyl nwcuif U1 I 
-J 

zinc 

1,2-dcMorobenzane 

7.806+03 Fundulua hetanxBtus Osrvas) || 
cadmium chloride || 

II 
Mddaugh A Dean, 1077 II 

3.15E+04 Fundulua hate roc Hue || 
chromium chloride I 

dl-2-ethytiexyl phthatate 

1,2-dipheflylhyrimzine 

PAH 

PCS (Aioder 1246) 

3206+02 Cefneetee aapidue QjvenHee) II 1.20E+O3 
cadmium cMorida || II 

Frank A RobetMen, 1070 || 

II 
II 

Dorfmon, 1077 || 

4.40E4O4 Fundukja hMaracttue || 1406+04 
potaakum cluunala || II 

BHarA Hartnakay. 1077 || 

1156+02 Fundulua hatamdtue II 5.756+02 
(aadnkoda |j 

II 
Dorfman.1077 || 

Calnecteoeapidus 
potaarfum dichromata 

Frank A Robertaen, 1070 

6.74E+01 Fundulua hateraettua (embryo) II 
mercuric cNoride y II 

Shay: A Ha*. 1062 || 

S.11E+01 Fundulua hataracBua (embryo) || 
iilhyliiarcurie chioridc || II 

Sharp A Naff. 1082 || 

1.00E+01 

lead ulUida 

Martin, at al 1061 

Catdnua maanaa » • « «- » -»-msrcunc OIWUI 
Connor, 1072 

Chimnomrs sp. 

natraotdt, MaL 1073 

Chlmnomua at. 

RoharoMt, a al 1073 

TanytarauadMaindla 
potaekum dfchrometo 

Cad at al, 083 

2.566+02 Tanytattua dMmuia (embryo) 
land nitrata 

1.106+04 

S.736+04 

2006+01 

1.736+04 

SO6E+03 

FundtAm hatatocHua || 
knochloride || II 

Derfman, 1077 || 

Cyprinedon variagatua || 
1^+Schlorabanzana || 

1.006+03 Cardnua maaraa || 1.826+04 
kncaulete || 

Connor, 1072 

U8 EPA, 1078 

3806+04 

0.306-01 

Cyptinodon variagatua || 
dimathyi phthalala || II 

113 B>A, 1978 || 

II 
II 
II 
II 

II 
II 

Cyprinodon variagatua || 
Arcdor1254 || II 

Schimmal, at al. 1074 || 

|| 1.186+04 
II 
II 
II 

1.80E+04 

Anderson, etal. 1980 

CWrorornussp. 
mareuric oitmta 

Rehwctt.etei.1973 

Chhonomuŝ . 

LCSO 
Rehwott, at aL 1073 

Tanytareus dtaMBa 
1 ,3-dtehlofobsrasos 

LB EPA, 1060 

CNronemus phimoaua 
dk2-otfayfcaxyl phthatate 

Streufert, 1077 

4.20E+02 

2.10E-t04 

3.13E+03 

1.00E401 

4«e+02 

197E+03 

5.0OE+O3 

737E+04 

Pataamonataa vulgaris 
cadmium chloride 

Baler, 1071 

lioe+ca 

Patoemonetee pugio || 4.47E+C3 
umchromate || 

Fates, 1978 || 

Mywtopeis bahia || 4.78E+02 
lead nitrate || II 

litiaratal.im || 

Palaemooatei vulgaris || 5.80E+00 
mercuric chbrida |j II 

8healy & BandHer, 1079 H 

Myedcpebbahia || 2J0E4O3 
zinc chloride j| 

II 
Lusaieretal, 1069 || 

MyPdopsia bahb || 1.00E+05 
1,2-dtehlorDbenzsne f| tl 

U.S. ffA, 107# || 

Palaemonetea pugb |] 5.26E+04 

Tatem at aL 1978 || 

Myrfdopebbahia It 
dimathyi phthalala U 

II 
US EPA, 1078 || 

Myltiua adula (embryo) || 
cadmium cbtoride || II 
Martin at al, 1081 || 

Mytius adula (embryo) 

Martin at at 1961 || 

Mytiusadble (larvae) || 
lead nitrate jj 

II 
Martin, ataL 1081 II 

Mytfbeeduis || 
mercuric chloride j| 

II 
Martin at al, 1081 || 

Mytibe adula ptanulatie |j 
zinc chloride jj 

II 
Ahsanutah, 1076 || 

M mareanada (ambryo) (j 
1,2-rfichlofoberaene || 

II 
Davie* Hfodu, 1969 || 

Marcanaria maieanafia || 

Davia&hBdu, tStfi || 



Indicator Compound Cone (WO 

Table 5-4 
Concenfrations for Chronic Effects 

lAjmmichoq 
(Fundube heterodtus) 

Cone 
to") 

BbeCrdb 
(Cafinectes sspidus) 

Cone 
to") (CMfonomue sp.) 

Cone Grass Shrimp Cone 
fcig/1) 

Mussel 
(Congeria ep.) 

cadmium 

chromium VI 

Ul I 
00 

mercury 

methyl wecouty 

zinc 

1,2-dchtorobenzsne 

1.006+02 Fundube hetoroefftus (embryo) 

depressed ajdsformaion 
Weis A Weis, 1977 

n 1.006+01 
u mercuric chloride 

development abnormaMea 
Weis ft Wets, 1977 

|| S.OOE+OI Fundube hcSeredtua (eobryo) 
|| methyfcnercuric chloride 
II teratologieal effects 
|| Weis etal, 1881 

|| 7.806+02 Fundube hetemdtua (Juvenile) 
|j zinc chloride 
|| inhttited acale cateflteaion 
|| 8auar A Watabe, 1964 

dW-ethyfwcyl phthalate 

1,2-dphenytrydrazine 

PCB (Arodor 1248) 0.606-02 Cyprinodon variegatus 
Arodor 1254 

Sehimmet, et at. 1074 

1.906+03 Caffnectea eapidua (tarvae) || 1.00€+02 
eodum chremate jj 
reduced survival || 

Boofchoutetal, 1064 || 

7.146+00 

II 
II 
II 

Chi ronomus tartans || 1.326+02 

suppressed respiration 
BataoCatabn ft White, 1088 

6.006-01 Tanytarsue dsaimils 
Arodor 1254 

Nebsksr ft PugHsl, 1074 

250E401 

1.136+00 

1.666+02 

1.006+05 

2S0E+01 

M|iirfrylihshfft || * » »• > * M caomum cmonoe || li 
GsntOeetal.1982 U 

II I! 
II n 

MyaidopsisbaNa || 
potassium dkhremate || u 

Lussier at a r̂as || 

Mytidopeiefaahia || 5.006+02 Mytibeedufo 

Lusaieretai, rre || 

Myddcpdsbehia || 3506+01 
mercuric chloride |j II 

Gentile eteJ, 1082,1089 || 

|| 40QE+02 
II 

Mysidopeiebahla |j 8.006+01 
zinc chloride U 

Lusaisretai, 1086 

1.006+02 

LT50 
SchUz-Bahtea, 1072 

Mytibe eduls 
mercuric chloride 

abnormal development 
OfcuboA Otcubo, 1062 

Mytibeeduba 
methytmereurie chloride 

00% reduced feeding 
Dom, 1076 

Mytibseduis 
zinc chloride 
theff growth 

Stromgien, 1962 

Mercenarie mercenaiia 
phenol 

ceflu tar damage 
Fries & Tripp, 1977 

Poles monetae pugio 
d methyl pfrihatate 
decreased surviva] 

LaughBn et at., 1078 

Palaemonetee pugio 
Arodor 1254 

Altered metaboiam 
Rodjad et al, 1076 



Tables 5-3 and 5-4 include a value only if the U.S. EPA 
documents listed the identical or a close surrogate species. 
Tables 5-3 and 5-4 list values for salt water species only 
(with the exception of values for chironomids). Empty cells in 
the two tables reflect the absence of field or laboratory 
studies. 

5.6 Estimated Toxicity Quotients 

The toxicity quotient is commonly defined: 

Toxicity Quotient = 

The EEC and BC values must have common units; here 
micrograms per liter are used. As detailed above, one possible 
EEC for the numerator and several possible BCs for the 
denominator are available. The range in the BC values arises 
from and expresses the differences between: (i) acute and 
chronic exposures, and (ii) sensitivity of different organisms. 

For each Indicator Compound, Tables 5-5 through 5-7 report 
the estimated Toxicity Quotients. 

Table 5-5 reports the results for the estimated water 
column concentrations and pore water concentrations compared to 
the acute and chronic federal ambient water quality criteria 
for salt water. Tables 5-6a and 5-7a report the results for 
the acute and chronic criteria, respectively, using estimated 
water column concentrations of contaminants. Tables 5-6b and 
5-7b report the results for acute and chronic criteria, 
respectively, using estimated pore water concentrations of 
contaminants. Although the Ambient Water Quality Criteria and 
toxicity endpoints are not enforceable standards (i.e., under 
the Federal Clean Water Act), it is interesting to compare them 
to the water concentration in the channel or sediments and then 
compare that ratio or "toxicity quotient" to a value of "one." 

8855H 6020-006-270 
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6.5.RaLawqo 27 Oct 69 

deb 2100 9 Nov 1989 

Table 5-5 

Quotient Method 
Ratio of Estimated Average Water Concentrations to Ambient Water Quality Criteria 

Ratio of Ratio of 
Water Column Water Column 

Indicator Compound 

cadmium 

chromium (III) 

chromium (VI) 

lead 

mercury 

methyl mercury 

zinc 

dichlorobenzenes 

phenol 

di-2-ethylhexyl phthalate 

1,2-diphenylhydrazine 

PAHs 

PCBs 

to 
Marine 
Acute 
(frac) 

2.70E-02 

5.96E-04 

2.17E-04 

1.87E-02 

1.67E-01 

1.36E+00 

1.98E-05 

1.04E-03 

4.21 E-05 

5.00E-05 

5.26E-02 

to 
Marine 
Chronic 
(frac) 

1.25E-01 

4.78E-03 

4.68E-01 

1.40E+01 

1.50E+00 

3.65E-02 

1.75E+01 

Ratio* of 
Pore Water 

to 
Marine 
Acute 
(frac) 

4.88E+00 

1.17E-01 

3.82E-02 

3.14E+00 

5.24E+01 

1.57E+02 

4.57E-03 

2.93E-01 

3.24E-08 

2.01 E-04 

3.00E-01 

Ratio* of 
Pore Water 

to 
Marine 
Chronic 
(frac) 

2.26E+01 

8.40E-01 

7.86E+01 

4.40E+03 

1.73E+02 

2.80 E-05 

1.00E+02 

* See text for discussion 
on inappropriateness of 
comparing pore water 
concentrations to 
water quality criteria 
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S.O.RATACUCA.1 DAB 27 OCT 89 
DAB 21001 NOV 1000 

Table 5-6a 

Quotient Method 
Ratio of Estimated Average Water Column Concentrations to Concentrations for Acute Effects 

Mummichog Blue Crab Midge Grass Shrimp Mussel 

Indicator 
Compound (frac) (frac) (frac) (frac) (frac) 

cadmium 1.49E-04 3.63E-03 9.67E-04 2.76E-03 9.67E-04 

chromium III 1.95E-04 5.58E-04 

chromium VI 5.43E-08 7.03E-06 4.17E-06 1.14E-0S 5.35E-05 

lead 8.32E-03 4.56E-03 1.02E-02 8.37E-04 5.50E-03 

mercury 5.21 E-03 3.51 E-02 1.76E-02 3.51 E-02 6.05E-02 

methyl mercury 6.87E-03 

zinc 7.37E-03 1.29E-01 7.09E-03 2.59E-01 5.16E-02 

1,2-dfchlorobenzene 4.05E-06 3.31 E-06 1.98E-05 3.91 E-07 

phenol 1.04E-03 1.15E-04 

cfi-2-ethylhexyl phthaiate 2.14E-06 6.89E-06 1.68E-06 

1,2-diphenylhydrazine 

PAHs 

PCB (Aroclor 1248) 5.66E-01 
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s.e.Raucun.1 M>27 Octw Table 5-6b 

Indicator 
Compound N« 

cadmium 

chromium III 

chromium VI 

lead 

mercury 

methyl mercury 

zinc 

1,2-dtehlorobenzene 

phenol 

cfi-2-ethylhexyl phthalate 

1,2-diphenylhydrazine 

PAHs 

PCB (Aroclor 1248) 

Quotient Method 
Ratio of Estimated Average Pore Water Concentrations to Concentrations for Acute Effects 

Mummichog* Blue Crab* Midge* Grass Shrimp* Mussel* 

(frac) (free) (frac) (frac) (frac) 

2.69E-02 

3.81 E-02 

9.55E-04 

1.40E+00 

1.63E+00 

2.15E+00 

8.51 E-01 

9.32E-04 

1.64E-09 

6.56E-01 

1.24E-03 

7.65E-01 

1.10E+01 

1.49E+01 

1.75E-01 

1.09E-01 

7.33E-04 

1.71E+00 

5.50E+00 

8.18E-01 

7.63E-04 

5.29E-09 

5.00E-01 

2.00E-03 

1.41 E-01 

1.10E+01 

2.99E+01 

4.57E-03 

2.93E-01 

1.29E-09 

1.75E-01 

9.40E-03 

9.24E-01 

1.90E+01 

5.96E+00 

9.00E-05 

3.23E-02 

3.23E+00 

* See text for discussion 
on inappropriateness of 
comparing pore water 
concentrations to 
water quality criteria 
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s.r.Rautrai1<M>2roctl9 

dab 2100 0 Nov 1929 

Table 5-7a 

Quotient Method 
Ratio of Estimated Average Water Column Concentrations to Concentrations for Chronic Effects 

Mummichog Blue Crab Midge Grass Shrimp Mussel 

Indicator 
Compound (frac) (frac) (frac) (frac) (frac) 

cadmium 

chromium III 

chromium VI 

lead 2.62E-02 

mercury 3.51E-02 

methyl mercury 7.02E-03 

zinc 1.7DE-01 

1,2-dichlorobenzene 

phenol 

di-2-ethylhexyl phthalate 

1,2-diphenylhycfrazine 

PAHs 

PCB (Arodor 1248) 5.37E+00 

1.59E-04 2.39E-03 

1.62E-01 

1.81E-03 

1.05E-01 

3.11E-01 

7.77E-01 

1.24E-06 

5.24E-03 

1.10E-02 

8.78E-04 

2.15E+00 

6.03E-02 

6.58E-01 2.10E-02 
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9.7.RATDVON.1 DABZROCIU Table 5-7b 

Quotient Method 
Ratio of Estimated Average Pore Water Concentrations to Concentrations for Chronic Effects 

Mummichog* Blue Crab* Midge* Grass Shrimp* Mussel* 

Indicator 
Compound (frac) (frac) (frac) (frac) (frac) 

cadmium 

chromium III 

chromium VI 

lead 4.40E+00 

mercury 1.10E+01 

methyl mercury 2.20E+00 

zinc 1.96E+01 

1,2-dichlorobenzene 

phenol 

di-2-ethylhexyl phthalate 

1,2-diphenylhydrazine 

PAHs 

PCS (Aroclor 1248) 3.06E+01 

2.80E-02 4.20E-01 

2.94E+01 

3.18E-01 

1.76E+01 

9.73E+01 

8.98E+01 

9.53E-10 

8.80E-01 

3.44E+00 

2.75E-01 

2.48E+02 

1.70E+01 

3.75E+00 1.20E-01 

* See text for cfiscussion 
on inappropriateness of 
comparing pore water 
concentrations to 
water quality criteria 
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5.7 Sediment Criteria Quotient Method 

The method for using interim sediment criteria values is 
given in U.S. EPA (1988). In applying the criteria, the 
fraction of organic carbon, foe, and the salinity of the water 
must be taken into account. On this site, salinities are 
roughly one-eighth seawater. Since estuarine organisms such as 
those inhabiting this site are included by U.S. EPA in the salt 
water Ambient Water Quality Criteria, and those criteria are 
used in development of the sediment criteria, the site will be 
considered salt water. Fraction of organic carbon is 
calculated from total organic carbon (Table D-6). U.S. EPA 
interim Sediment Quality Criteria (SQC) for salt water are 
listed in U.S. EPA (1988) Table 4. U.S. EPA lists both mean 
and 95 percent confidence limits for Sediment Quality Criteria, 
and recommends that the lower confidence limit be used to be 
97.5 percent certain of protecting benthic fauna. The mean and 
lower confidence limit for PCBs (the only Indicator Compound 
for which SQCs are available) are used in Table 5-8. 

A mean sediment value, normalized for organic carbon, is 
calculated as a geometric mean of the normalized concentrations 
weighted by the area each represents. This method is 
consistent with methods used in the channel water contaminant 
concentration model (Appendix F). The ratio of the averaged 
site concentration of PCBs in sediment to the mean SQC is 22.92 
and the ratio to the lower confidence limit of the SQC is 
115.56. 

5.8 Comparison to Laboratory Studies 

Rubinstein et al. (1983) investigated the acute (100 day) 
effects and bioaccumulation of PCBs, mercury, and cadmium by 
three invertebrate species from contaminated sediments from New 
York harbor. Their results can be applied to the UOP site 
because: (i) the invertebrate species (clamworms, hard clams, 
and grass shrimp) are local, and one (grass shrimp) occurs on 

8855H 6020-006-270 
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TABLE 5-8 
QUOTIENT METHOD APPLIED TO PCBs IN SEDIMENTS 

Ratio of Normalized Sediment Concentrations to Two Measures 
of Sediment Quality Criteria 

Cone Norm Cone 
Location (mg/ftg) Esc (mg/hg-C) Areal Wt Ratio l Ratio 2 

Aa 66.0 0.055 1200.000 0.04456 
Ab 82.0 0.086 953.488 0.03308 
Ac 120.0 0.023 5217.391 0.09207 
Ba 100.0 0.049 2040.816 0.13822 
Bb 41.0 0.015 2733.333 0.05740 
Be 7.7 0.096 80.208 0.03535 
Ca 5.3 0.009 602.273 0.47734 
Cb 14.0 0.025 560.000 0.04154 
Cc 23.0 0.050 460.000 0.08006 

Site 900.183* 

Cone is from Table G-l. 
Foe is from Table D-3. 
Norm Cone is Cone/Foe, normalized in terms of organic C. 
Areal Wt is from Table F-l. 
Ratio 1 is Norm Cone/Mean Saltwater SQC (= 41.8). 
Ratio 2 is Norm Cone/Lower CI Saltwater SQC (= 8.29). 
Site is the value for the site using areal weighting. 

"The geometric mean after weighting by area. 
That is, antilog (sum(log(Norm Conc*Areal Wt))/N). 

8893H 6020-006-270 
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the UOP site and is an Indicator Species; (ii) the contaminants 
(PCBs, mercury, and cadmium) are Indicator Compounds at the UOP 
site; and (iii) the sediments are probably of similar origin 
due to geographic proximity and are of comparable percent 
organic composition (6 to 22 percent) to those at the UOP 
site. Rubinstein et al. characterized the sediment 
contaminants at four sites in terms of estimated concentrations 
(ftg/g, dry weight, from their Table 1) as: 

Site PCBS Ha 

Site A 0.46 4.13 5.32 
Site B 0.71 2.85 11.49 
Site C 7.28 34.89 38.60 
Site D 0.72 2.71 5.16 

Contamination of the sediments at the UOP site can be 
tabulated in this format using areally averaged concentrations 
and 1988 data for PCBs and Hg (ng/g dry weight, from 
Table F-2) as: 

Site PCBs Hg ££ 

UOP 17.3 14.4 1.4 

For comparison and contrast, contamination at the UOP site 
falls within the general range investigated by Rubinstein 
et al. and might be considered to fall between their Sites B 
and C in terms of Hg, although PCB concentrations are higher 
and Cd concentrations are lower. 

Rubinstein et al. (1983) report that none of the sediments 
(Sites A through D) was acutely toxic to the three test species 
(clamworms or sandworms, Nereis virens: hard clams, Mercenaria 
mercenarya; and grass shrimp, Palaemonetes puaio) in 100 days. 
Mortality did not exceed 10 percent in any of the species or 
conditions tested. Of the three contaminants measured, only 

8855H 6020-006-270 
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PCBs accumulated above the control concentrations. For grass 
shrimp and hard clams, accumulation of PCBs was statistically 
different from control accumulation in sediments B, C, and D, 
and no accumulation appears to exceed 0.08 ng/g in tissue. 
The authors conclude that "grass shrimp and (hard) clams are 
primarily susceptible to water-mediated uptake," (p. 254), 
despite close proximity to the sediment, "whereas the sandworm 
is subject to uptake via interstitial water, ingestion, and 
absorption from sediments." 

For clamworms and PCBs, bioaccumulation factors (BAFs) 
were calculated as: 

BAF = Tissue Concentration as wet weight 
Sediment Concentration as wet weight 

BAFs ranged from 0.15 to 1.59 and were dependent on the 
organic content of the sediment. For example, sediment C had 
the highest concentrations of PCBs, but the lowest BAF. It 
also had the highest percentage of organic matter. These 
results suggest that the availability of PCBs to clamworms 
decreases (linearly) with an increasing percentage of organic 
material in the sediments. 

Contaminants occurring as mixtures in sediments may 
interact additively, synergistically, antagonistically, or may 
not interact. Swartz et al. (1988) reported effects of 
mixtures of sediment contaminants on a (west coast) marine 
amphipod. Three of the four contaminants tested are the same 
as the compounds on the UOP site: zinc, mercury, and PCB 
(Aroclor 1254). The toxic effect (10-day LC50) of the mixture 
of these three contaminants was less than additive using the 
"toxic unit" model. The results of Swartz et al. may explain 
the lack of acute toxicity in Rubenstein et al.'s most 
contaminated sediments. This suggests that the total toxicity 
of the sediments on the UOP site is greater than that 
attributed to any one chemical, but less than the sum of the 
toxicities attributed to all chemicals. 

8855H 6020-006-270 
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Chapman et al. (1982) found that the presence of sediments 
increased tolerances of 12 species of oligochaetes (nine fresh 
water, three salt water) exposed to five contaminants (cadmium, 
mercury, pentachloraphenol, pulp mill effluent, and sewage 
sludge) and extremes of four environmental factors (pH, 
temperature, salinity, and anoxia). To explain how the 
presence of sediments would increase tolerance to both 
contaminants and temperature extremes, the authors suggested 
that in addition to chemically binding and physically adsorbing 
contaminants, sediments were a more natural environment for the 
worms, which reduced physiological stress and increased 
tolerance to other stresses. 

The results of these studies present a consistent 
picture. Rubenstein et al.'s (1983) experiments indicate that 
acute toxicity may not be present where it might be expected on 
the basis of sediment contamination levels. Furthermore, 
species in close proximity to the sediments such as hard clams 
may take up the contaminants primarily from water, which lowers 
exposure and accumulation. Swartz et al.'s (1988) results with 
amphipods indicate that the toxicological interaction of some 
of the contaminants present in Rubenstein et al.'s sediments 
and in sediments at the UOP site may be less than additive. 
Chapman et al. (1982) found that presence of sediments 
increases tolerance of oligochaetes to both contaminants and 
environmental extremes. These findings suggest that methods 
presented here using pore water concentrations for comparison 
with toxicological benchmarks yield conservative or worst-case 
estimations of potential effects. 

5.9 Discussion of Results 

In the lefthand side of Table 5-5, the portion showing the 
ratios based on estimated water column concentrations, one or 
both of the quotients for chronic and acute exposures to 
mercury, zinc, and PCBs exceed "one." In the righthand side of 
Table 5-5, the portion showing the ratios based on estimated 
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pore water concentrations, several quotients exceed "one". 
Although the AWQC are not enforceable regulations for the water 
column, the toxicity quotients greater than one in Table 5-5 
may identify potential problems. 

In Tables 5-6a and 5-7a, only the ratios for chronic 
effects on mussels exposed to zinc and mummichogs exposed to 
PCBs (Table 5-7a) exceed "one." Yet, apparently healthy 
mussels and mummichogs exist on the site. In Tables 5-6a and 
5-7a, the ratios for cadmium, chromium (both III and VI), lead, 
mercury, dichlorobenzene, phenol, and di(2-ethylhexyl) 
phthalate never exceed "one." 

In Tables 5-6b and 5-7b, several toxicity quotients exceed 
"one". As noted before, the primary route of exposure to 
mummichogs, blue crabs, mussels and grass shrimp appears to be 
through the water column rather than the pore water. 
Table 5-6b indicates acute (mortality) effects to mummichogs, 
mussels, crabs, and grass shrimp in spite of apparently healthy 
populations on-site. Table 5-7b indicates chronic effects to 
mummichogs, grass shrimp and mussels for several compounds. 
Because of the sedentary life history of the platform mussel, 
they are more likely to experience chronic exposure than are 
mummichogs and grass shrimp which can migrate from the area. 
Platform mussels, however, were found to inhabit the site. The 
contradiction between these predicted results of acute and 
chronic effects and the observations of apparently healthy 
populations can be explained as follows: the primary route of 
exposure for at least some of these species may not be pore 
water, and/or estimates of effects based on pore water are 
conservative or worst-case and are not being realized. 

The overall uncertainties and variabilities in the 
toxicity quotients for channel water and pore water may span 
several orders of magnitude for the same compound, reflecting 
the variability and uncertainty in the EEC values (the 
numerators) and in the BC values (the denominators). One 
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uncertainty is the availability of individual contaminants to 
organisms. A second uncertainty is the effects of mixtures, 
i.e., do mixtures of toxicants act in an additive or 
antagonistic manner when present in a complex matrix? 

Although the toxicity quotients exceeding "one" suggest 
that some of the Indicator Species are stressed by the presence 
of the Indicator Compounds, the Focused Environmental 
Assessment results (Appendix C) suggest that the water 
concentrations are not high enough to cause any apparent 
population gradients or local extinctions. However, the 
Toxicity Quotients for PCBs in sediments, as based on the 
sediment quality criteria, are large enough to warrant concern 
even though many aquatic organisms can sustain high body 
burdens with no apparent effects in the individuals or in the 
populations. 

The presence of apparently healthy populations of grass 
shrimp and mummichogs on the site combined with experimental 
studies on toxicity of sediments from New York harbor by other 
investigators suggest that sediment contaminants are not 
available to these species. 

Thus, the use of the Toxicity Quotient Method as a 
screening method has identified the most important species and 
compounds for more detailed consideration in the next chapter. 

8855H 6020-006-270 
5-21 



6. ANALYSIS OF EXTRAPOLATION ERROR 

Analysis of extrapolation error (AEE) is a relatively new 
technique for ecological risk assessment and is described by 
Suter et al. in Barnthouse et al. (1986). This method provides 
an objective and quantitative estimate of risk that is defined 
in terms of toxicological benchmarks. One of the advantages of 
the method is that it quantifies the level of uncertainty in 
the risk estimate; uncertainty which results from interspecies 
differences in sensitivity to chemicals and from the variable 
relationship between acute and chronic effects of chemicals. 
AEE was developed using data for fresh water fish and some 
invertebrates, and so cannot be applied to all species. Here, 
AEE is applied to a subset of the data used in the quotient 
method described in Chapter 5. 

6.1 Overview of the AEE Method 

Analysis of extrapolation error (AEE) is a method that 
allows the risk assessor to predict the probability that 
chronic effects would not occur. Because the method allows the 
calculation of the probability that an expected environmental 
concentration (EEC) will exceed some end point, Suter et al. 
(1986) consider AEE to be a true risk assessment method. AEE 
allows extrapolation between biological groups and 
extrapolation between different types of tests (e.g., acute and 
early life stage effects). The uncertainty associated with the 
extrapolations is calculated and contributes to the estimation 
of uncertainty in the risk estimate. 

To implement the test, the first step is to define the end 
point of the risk assessment. In this case, the end point will 
be the probability of exceeding the threshold for chronic 
effects for three Indicator Species (mummichogs, blue crabs, 
and grass shrimp). These species were chosen because all are 
inhabitants of the site with conspicuous populations. Blue 
crabs also may be consumed as human food. 
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The next steps are to identify the test result for the 
chemical of interest that is most closely related to the chosen 
end point and to choose a logical progression to extrapolate 
from the existing datum to the chosen end point. For example, 
to estimate the risk to blue crabs for chronic effects from 
Cr (III), the closest test result is from an acute test of a 
gammarid amphipod. The logical steps are to extrapolate from 
amphipod acute tests to decapod acute tests (crabs are 
decapods) and then from acute tests to chronic tests. Because 
all possible taxonomic extrapolations are not included in Suter 
et al. (1986)—nor are they possible—the choice of logical 
steps depends on which taxonomic relationships have been done 
already. Lastly, the distribution parameters of the end point 
and the estimated risk that the EEC will exceed this end point 
concentration are calculated. The AEE method is described in 
greater detail in Appendix H. 

Analysis of extrapolation error is applied to those 
Indicator Compounds identified by the quotient method as having 
estimated environmental concentrations which are near or 
exceeding the toxicological benchmarks for the Indicator 
Species. The Indicator Compounds selected for AEE are chromium 
(III), chromium (VI), total mercury (considered first as 
inorganic mercury and then as methyl mercury), zinc, and PCBs 
(as Aroclor® 1248). Although Section 5 indicates that water 
concentrations of chromium are well below toxicological 
benchmarks, chromium is selected for further investigation 
because sediment concentrations are well above natural crustal 
abundances (Appendix G). In the case of Indicator Species, AEE 
was developed primarily for fresh water fish, although some 
invertebrate extrapolations are possible. The method is not 
appropriate for ducks or mink, which are examined separately, 
or for mussels and midges, for which there are no extrapolation 
methods developed by Suter et al. (1986). AEE is applied to 
the remaining mummichogs, blue crabs, and grass shrimp. 

In two places, a minor variation from Suter et al.'s 
(1986) method is employed. Carcinus maenas is considered a 
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surrogate for blue crabs exposed to inorganic mercury and 
EA. setiferus (white shrimp) is considered a surrogate for grass 
shrimp. These surrogates are relatively close taxonomically 
and Suter et al. (1986) provide no extrapolations for these 
invertebrates. 

For application of AEE to the UOP site, some assumptions 
were made about the Indicator Compounds, the populations of 
Indicator Species, and the routes of exposure. The test 
results or toxicological benchmarks were taken from U.S. EPA 
Ambient Water Quality Criteria documents, and so are all based 
on exposure of aquatic organisms by immersion in a test 
solution. Therefore, the route of exposure for this analysis 
is limited to water. AEE provides an extrapolation to chronic 
effects for each Indicator Species, which provides a benchmark 
for protection of that species. 

Some assumptions about chromium concentrations are made. 
Most of the chromium at this site is believed to be Cr (III) 
(Appendix F), and so the environmental concentration of total 
chromium is assumed to be in the form of Cr (III). Cr (VI) in 
sediment was measured separately in 1988, and those 
concentrations were used to estimate Cr (VI). Two assumptions 
about the form of mercury are used. First, all mercury is 
assumed to be methyl mercury. This assumption is based on the 
observation that tidal creek sediments are typically organic 
and anaerobic and so would favor methylation. The second 
assumption is that all mercury is inorganic. This is based on 
studies of mercury in Berry's Creek that indicate that 
methylation may not occur in Berry's Creek and that fish are 
taking up inorganic mercury (Weis et al., 1986). For PCBs, the 
only Aroclor® detected was 1248, therefore total PCBs are 
assumed to be only Aroclor® 1248. 

Because the AEE method was developed using only 
water-borne exposure as a basis for extrapolation, only 
modeling results of water contamination concentrations 
(Appendix F) are considered. Where more than one year of water 
concentrations were modeled, only model results from 1988 were 
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used because they are the most current and because 1988 
sediment data represent surface sediments. Water quality 
modeling produces estimates of.both mean and variation, and 
both are needed for AEE. 

Several assumptions were also made with regard to the 
biological populations. First, because the shrimp, crabs and 
fish are mobile and because the creeks are well flushed by 
tides, the average site concentration is assumed to be a 
representative measure of exposure (average of log transformed 
concentrations, see Appendix F). The second assumption is that 
the populations inhabit the site long enough to incur chronic 
effects. With such mobile organisms and tidal fluctuations, 
this assumption may not be true. Since this assumption 
increases the possibility of predicting effects, it is 
considered conservative. 

6.2 Results 

The estimated concentrations of Indicator Compounds in 
channel water are shown on Table F-4. The estimated means and 
variances of log (10) transformed concentrations in ng/1 are 
the expected environmental concentrations (EECs) for this 
analysis. For each of the three Indicator Species and the six 
Indicator Compounds, the most closely related toxicological 
endpoint is shown on Table 6-1. These endpoints are from U.S. 
EPA Ambient Water Quality Criteria documents. No tests of fish 
with Aroclor® 1248 were listed in the Ambient Water Quality 
Criteria document, so tests on Aroclor® 1242 and 1254 were 
used. 

The endpoints on Table 6-1 are chosen to be the closest 
taxonomic endpoints, with salt water species chosen over fresh 
water species when possible and with chronic endpoints chosen 
over acute (Suter et al., 1986). This selection, however, is 
under the constraint that the endpoints must be taxonomic 
categories given by Suter et al. (1986) for making 
extrapolations. Also, fathead minnow data are used as the most 
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TABLE 6-1 
EXISTING TOXICOLOGICAL RESULTS HOST CLOSELY RELATED TO INDICATOR SPECIES ENDPOINTS* 

Indicator Compound MMTOiffbog Blue Crab Grass Shrimp 
(Fwddtffl hetefPCUtwa) (Callinectes sapidus) (Palaenonetes sp.) 

Chromium (III) Fundulus heteroditus. SW Gammarus sp.. FW Gammarus sp.. FW 
LC50 = 31,500 LC50 = 3200 LCSQ = 3200 

Chromium (VI) Fundulus heteroditus. SW Callinectes sapidus. SW Gammarus nseudolimnaeus 
LC50 = 74,010 LCSQ = 93,390 LCSQ = 67.1 

Inorganic Mercury Fundulus heteroditus. SW Carcinus maenas. SW Penaeus setiferus. SW 
LC50 = 67.4 LC50 = 14 LC50 = 17 

Methyl Mercury Funddus heteroditus. SW Gammarus duebeni. SW Gammarus duebeni. SW 
LCg0 = 51.1 LC50 = 150 LC50 = 150 

Zinc Pimenhales promdas. FW Carcinus maenas. SW Coronhium volutator. SW 
Lifecycle = 106.3 (Surrogate) LC50 = 4683 

LCSQ = 1000 

PCB Aroclor® 1242 Aroclor® 1248 Aroclor® 1248 
PimeDhales oromelas. FW Gammarus nseudolimnaeus. FW Gammarus pseudolimnaeus 
Lifecycle = 9.0 LCJQ = 29 LCS0 = 29 

Aroclor® 1254 
PimeDhales oromelas. FW 
Li fee yd e = 2.9 

* All data are from USEPA Ambient Water Quality Criteria documents. 
All concentrations are in pg/L. 

** No usable test identified. 
FW = Fresh Water Species 
SW = Salt Water Species 
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closely related data points for AEE extrapolations in Table 6-1 
when specific data are unavailable as suggested by Suter et al. 
(1986). Species mean acute values from AWQC documents are used 
when several values are reported. Because of these selection 
criteria, the toxicity values chosen for Table 6-1 may differ 
from those chosen for Tables 5-3 and 5-4. 

Table 6-2 shows estimates of certainty of not exceeding 
the threshold for chronic effects for each of the species and 
for each of the contaminants. The table can be read as a 
percent certainty or probability that a chronic effect would 
not occur. For example, we are 96.6 percent certain that a 
chronic effect would not occur in the mummichog population due 
to Cr (III). Calculations are shown in Appendix H. 

6.3 Discussion 

The results of this analysis agree well with the results 
of the quotient method, and add to that method by associating 
estimates of certainty with the results. Of the Indicator 
Compounds AEE indicates with about 90 percent certainty or 
better that only chromium (III and VI) is not exceeding the 
threshold for chronic effects on Indicator Species. 

Section 5 indicates that chromium (III and VI) 
concentrations in water are well below toxicological 
benchmarks, and the AEE result extends that to extrapolated 
chronic thresholds for the Indicator Species. 

For two species, the estimated mean environmental 
concentration of a chemical in channel water exceeds the 
estimated threshold for chronic effects: blue crabs and 
mummichogs exposed to zinc. For these two species, the 
estimated certainty of not exceeding the threshold for chronic 
effects is very low, less than 30 percent (Table 6-2). The 
reason that there is uncertainty about exceeding the threshold 
is that there is uncertainty about both the threshold for 
chronic effects for each species and about the modeled 
environmental concentration. 
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TABLE 6-2 
ESTIMATIONS OF CERTAINTY OF NOT EXCEEDING 

THE THRESHOLD FOR CHRONIC EFFECTS 

Indicator Compound 

Chromium (III) 
Chromium (VI) 
Mercury, Inorganic 
Mercury, Methyl 
Zinc 
PCBi Aroclor® 1248 

Aroclor® 1242 
Aroclor® 1254 

**No closely related endpoint for extrapolation. 

Mummichog 
(Percent) 

Indicator Species 
Blue Crab 
(Percent) (Percent) 

96.6 
99.7 
90.1 
88.1 
29.8 
** 

88.5 
76.7 

95.8 
99.7 
75.2 
96.9 
27.8 
84.6 

95.8 
93.1 
77.3 
96.9 
86.2 
84.6 
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In terms of estimates of exceeding the threshold for 
chronic effects of Indicator Species, methyl mercury, inorganic 
mercury and PCBs are in a middle area, neither clearly 
exceeding threshold for chronic effects nor so low that the 
estimate of not exceeding the threshold is fairly certain. The 
certainties of not exceeding the thresholds for chronic effects 
extrapolated to the most sensitive Indicator Species are as 
follows: inorganic mercury for blue crabs, 75.2 percent; 
methyl mercury for mummichogs, 88.1 percent, and PCBs for 
mummichogs 76.7 percent. These values are not high, but Suter 
et al. (1986) and Suter (Suter, personal communication) give no 
guidance or acceptable estimates. 

Regarding blue crabs and chronic exposure to inorganic 
mercury in the channels, blue crabs will not spend their lives 
in the channels. Adults overwinter in the main basins of 
estuaries rather than in tidal creeks (Schaffner and Diaz, 
1988), and we are aware of no studies suggesting that blue 
crabs return to the same marsh streams they left following 
overwintering. Indeed, female blue crabs migrate to the mouths 
of the estuaries to spawn and remain there (see Section 2.2). 
After hatching, the young crabs may not complete the migration 
up the estuary to the maturing grounds until the end of the 
first year or beginning of the second year of life. 
Considering that the larval stages, which are usually most 
sensitive, are spent at sea and that only a portion of the 
adult life of these crabs is spent in the channels, estimates 
of risk based on chronic effects should be conservative 
(protective) for this species. 

Regarding mummichogs and chronic exposure to methyl 
mercury and to PCBs in the channels, the presence of an 
apparently healthy and sustained population on the site 
suggests that the chronic threshold is not being exceeded. 
Unlike blue crabs, mummichogs do not undertake extensive 
migrations and tend to stay in the same reach of a marsh creek 
(see Section C.4). This behavior should favor detection of 
population level effects. While the mummichogs are undoubtedly 
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incurring body burdens of contaminants (Section C.4), 
population level effects resulting from chronic responses are 
not evident. 

Mercury concentrations in sediments are roughly equal on 
the site and in the reference area. Bacteria in sediments can 
methylate mercury, but methylation in Berry's Creek sediments 
appears to be inhibited (Weis et al., 1986). Mercury may be a 
generalized contaminant in this area, and the extrapolation in 
Table 6-2 to inorganic mercury may be more accurate than the 
extrapolation to methyl mercury. 

Even with these certainty estimates from the AEE method, 
there are some uncertainties. The estimated environmental 
concentrations and the associated variances used in Table 6-2 
are based on contaminant concentration modeling. Actual 
concentrations of the Indicator Compounds were below detection 
limits. Estimates of variance from the model account for some 
of the uncertainty, but field validation cannot be done. 

There are uncertainties with application in this estuarine 
environment. The method depends on extrapolations that have 
already been done. Suter et al. (1986) used data from fresh 
water fish and invertebrates, and so there is some uncertainty 
about how well the results actually predict estuarine 
conditions. Their data come primarily from fish, but here the 
technique is also applied to invertebrates. The results 
presented here are therefore less certain for the invertebrates 
than for the fish. The AEE method also considers contaminants 
individually, such that any effects from additivity, synergism, 
or antagonism among contaminants is not addressed by this 
method. A qualitative discussion on additive, synergistic and 
antagonistic effects is presented in Section 5.8. 

Also, this method does not address biomagnification of 
pollutants through the food chain. That is because the 
experiments that form the basis of the extrapolations are 
bioassay tests on the effects of exposure to water-borne 
contaminants. To some extent, the extrapolation to chronic 
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effects may account for the accumulation of contaminants. The 
degree to which bioaccumulation is accounted adds another level 
of uncertainty. 

For Neteis diversicolor and M. virens. estuarine infaunal 
polychaetes, uptake of PCBs and mercury from contaminated 
sediments may be the principal route of accumulation (Fowler 
et al., 1978; Rubenstein et al., 1983). For marine species 
living in the water column, however, PCB accumulation may be 
due to direct partitioning from the water rather than from 
accumulation through the food chain (Scura and Theilacker, 
1977). This may be the case for mummichogs. Grass shrimp 
(£. puaio) also appear to accumulate PCBs from the water rather 
than from the sediment (Rubenstein et al., 1983), possibly 
because they are epifaunal and swim readily. This may also be 
the case for blue crabs, which are also epifaunal crustaceans. 
In light of this, estimates of chronic thresholds for these 
Indicator Species by AEE should represent the field situation. 

The accumulation of PCBs in infaunal and epifaunal 
organisms from sediments and water does, however, provide a 
continuous path of these contaminants from the sediments. 
Elder et al. (1977) indicated that the polychaete 
M. diversicolor remobilized PCBs from sediments, and Larsson 
(1984) suggested that chironomid midges could even transport 
PCBs from aquatic sediments to terrestrial environments since 
they live in aquatic sediments as larvae and terrestrial 
environments as adults. In the present analysis, mobilization 
of PBCs from the sediments into water is assumed to take place 
entirely by a physical process, with the conservative 
assumption that all water column total suspended solids come 
from the contaminated channel beds. Considering tidal flushing 
twice per day, this assumption may be conservative compared to 
biological remobilization, although there are no field data to 
verify this assumption. 

There are also uncertainties about application of the 
analysis of extrapolated risk itself. This is a relatively new 
technique, and so lacks extensive field verification. 
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Subsequent work by . the authors of these methods indicate that 
maximum acceptable toxicant concentration (MATC) based on early 
life stage tests, as is the case with many toxicological 
benchmarks used here, may not always be a good predictor of 
chronic effects in a population (Barnthouse et al., 1987; Suter 
et al., 1987). 

In the final analysis, the objective of an ecological risk 
assessment is to predict the response of populations and 
communities. An underlying assumption of using AEE to predict 
population response is that knowledge about chronic 
(life-cycle) effects on the most sensitive life stage can, in 
fact, be translated to population response. On one hand, the 
translation seems straightforward: populations are groups of 
individuals, which implies that an effect on an individual will 
affect the population. On the other hand, populations have 
attributes individuals lack, such as birth rate, death rate, 
intrinsic rate of increase, ability to evolve, etc., which 
implies that populations can react in ways individuals cannot. 
Moreover, although methods such as those used here yield some 
indication of the levels of contamination that may cause 
individual response, the nature of the response is not 
predicted. So, the uncertainty of the predictions is increased. 

To some extent, fisheries-derived population models can be 
applied to quantify the effects of contaminants and reduce the 
uncertainty of the translation. We know, for example, that a 
certain fractional change in mortality rate applied to fish at 
one life stage will cause a different response than the same 
fractional change applied at a different life stage. Also, 
some populations exhibit density-dependent response to 
increased mortality, which protects the population from 
extinction over some ranges of densities. Field populations of 
white suckers exposed to metal contamination and laboratory 
populations of cladocerans exposed to cadmium may exhibit such 
responses (reviewed in Barnthouse et al., 1987). Then too, 
field populations are known to adapt to environmental 
conditions. 
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Translation to ecological community response is more 
tenuous. The ways in which populations interact are often 
unknown, as are the processes that make ecological communities 
identifiable units. 

In this risk assessment, the AEE method is used to 
quantify the uncertainty in estimating risks to individuals of 
a given species. The effects on populations and communities 
are qualitatively addressed from this information. A 
quantitative determination of the effects to populations and 
communities, however, would require additional analysis. 
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7. ECOLOGICAL RISK ASSESSMENT FOR MALLARD DUCKS AND MINK 

7.1 Mallard Duck Risk Assessment 

The UOP meadowlands site is an area which meets the 
primary requirements for mallard duck nesting. Requirements 
include dense vegetation at least 24 inches high and water 
within 100 to 500 yards (Bellrose, 1976). Because both the 
male and female ducks stay close to the nest during egg laying 
and incubation, and females rear the young, ENSR assumed that 
some ducks will nest at and remain at the UOP site for at least 
four months (30 days pre-nesting activities, 28 days 
incubation, 56 days rearing of young). It is reported that 
many mallards live in the meadowlands for the entire year 
(Smith, personal communication). Taking these factors into 
consideration, it is assumed, for purposes of worst case 
analysis, that some mallards nest in and remain near the UOP 
site for 365 days a year. 

7.1.1 Toxicity Assessment for Ducks 

Mallard ducks eat a wide variety of foods, including the 
leaves and stems of submerged aquatic plants, seeds of grasses 
and weeds, snails, insects, crustaceans, worms, and various 
marine invertebrates (Bellrose, 1976). When wildlife 
authorities in New Jersey were contacted, different reports 
were received about the types of foods mallards in the 
meadowlands area consume. One source (Gunther, personal 
communication) reported that the ducks eat a strictly 
vegetarian diet comprised mostly of grasses and roots, but 
another (Smith, personal communication) said that the ducks 
also eat small fish and infauna from waterways. 

The diet of the mallard ducks varies greatly with the 
season of the year (Fitch, personal communication). Typically, 
the ducks will feed intensively in the spring, summer, and fall 
and usually try to consume high energy foods such as 
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mummichogs, Crustacea, and insects. In the winter there is 
less food available from animal sources (fish) and the ducks 
will most likely eat a vegetarian diet. 

Mallards in captivity in a laboratory setting consume 
approximately 100 grams (dry weight) of dry food per day 
(Heinz, personal communication). In a natural setting, Heinz 
estimates that mallards will eat 20 to 30 percent of their body 
weight or approximately 300 grams (wet weight) of food which is 
predominantly composed of aquatic vegetation, seeds and insects. 

Mercury - Risk Assessment for Ducks 

It is assumed that a mallard duck will consume about six 
killifish a day and seven ounces (0.198 kg) of vegetation 
(based on: Fitch, personal communication). Note that this 
diet totals approximately 230 grams of food per day; slightly 
less than the 300 grams estimated by Heinz due to the higher 
caloric content of fish relative to vegetation. 

As a base case, the first risk assessment assumes that the 
ducks eat a diet of 100 percent aquatic plant roots. The 
second risk assessment assumes that the diet is comprised of 
both vegetation and mummichogs. The only data readily 
available concerning uptake by plants or bioaccumulation by 
invertebrates were for mercury. As toxicity information was 
also available for mercury, this compound was chosen for this 
risk assessment. Based on a study by Skripnichenko and 
Zolotoryeva (1980); the root uptake factor for plants is 
estimated as follows: 

In a solution of 500 pg Hg as HgNOg/L water, 60 pg Hg/kg 
plant tissue is taken up. Therefore, the ratio of mercury in 
water to mercury in plant tissue is: 

500 pg/L = 0.12 L water/kg plant tissue 
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When the root uptake factor is multiplied by the UOP mercury 
(inorganic) concentration in water, a value is estimated for 
the concentration of mercury in the UOP site plant roots. 

0.12 L/kg x 2.50E-01 Jg L kg plant 

The only available toxicity value concerning ducks and mercury 
is one which is reported to cause reduced fertility and 
inhibited food conversion ability. This was a two-generation 
feeding study and the mercury concentration was estimated to be 
0.1 mg/kg in the natural succulent food of the wild duck 
(Heinz, 1976). The toxicity index is then estimated as follows 

|E£ _ fî OjpOl̂ gZka = 3 x 10-4 

Even with the inclusion of safety factors (10 or 100) in 
the denominator, the estimated toxicity quotients for ingestion 
of mercury-contaminated vegetation are low (3 x 10 or 3 x 
10~2) . 

The second scenario includes mummichogs in the diet. To 
determine the average concentration of mercury in mummichogs, 
body burden data from sites A, B, C, and D from both small and 
large fish were averaged. The mean value is 0.41 ng/g (see 
Appendix D and Table 7-3). The mean weight of a mummichog was 
calculated by averaging the raw data of all fish captured. 
This value is 5.13 g. 

The total consumption of fish is multiplied by the average 
concentration of mercury in fish to estimate the average daily 
intake of mercury from fish. The total consumption of 
vegetation is multiplied by the concentration of mercury in 
plant roots to estimate the average daily intake of mercury 
from vegetation. The total intake of mercury per day then 
equals the daily intake of mercury from fish plus the daily 
intake of mercury from vegetation. 

8857H 6020-006-270 
7-3 



mummichog # eaten total grams 
avg. weight x daily - consumed daily 

5.13 g x 6 - 30.78 g fish/day 

total grams 
consumed daily 

average cone, 
x Hg in fish 

average daily 
intake of Hg 
from fish 

30.78 g fish/day x 0.41 n/g 12.62 ng/day 

kg of vegetation concentration of average daily 
consumed daily x Hg in plant roots - intake of Hg 

from vegetation 
0.198 kg x 0.03 pgHg/kg plant = 0.006 ng/day 

average daily average daily 
( intake Hg + intake Hg ) x (1 mg/1000 ug) = Hg 

from fish from vegetation consumed/day 

12.62 + 0.006 fay - 0.013 rcg/day 

To calculate the dose received per kg body weight per day: 

n mo mq Hq avg. wt of duck n °-013 day + 1.15 kg ° °-011 ̂ /^g/day 

The benchmark concentration which was previously used is 
that of 0.1 mg/kg in the natural succulent food of the duck 
(Heinz, 1976). To convert this benchmark to a dose it is 
assumed that ducks eat 300 grams of vegetation per day and the 
following calculation is performed: 

Cone. Hg in plants x kg plant consumed/day » Hg ingested/day 
Q.l rnq Hg x 0.300ka - 0.03 mg Hg/day 
kg plant day 

8857H 6020-006-270 
7-4 



The amount of mercury consumed per day is then divided by the 
body weight of a duck to calculate a dose: 

Hg ingested/day + duck body weight = daily dose causing 
reduced fertility 

0.03 mg Hg/day + 1.15 kg - 0.026 mg/kg/day 

It is assumed that the availability of mercury from 
mummichog flesh to the GI tract of the duck is equal to the 
availability of mercury from plants to the duck's GI tract. In 
order to calculate a tolerable dose, which is assumed not to 
cause any adverse effects, a safety factor of 100 is applied to 
the dose which causes reproductive effects (0.026 mg/kg/day + 
100 « 0.00026 mg/kg/day). A hazard index is then calculated as 
follows: 

Pose received O.Oll ma/ka/dav 
Tolerable dose = 0.00026 mg/kg/day ™ 

An index of 42.3 indicates that chances are good that 
adverse effects may occur to the mallard duck from exposure to 
mercury at the UOP site. 

PCBs Risk Assessment for Ducks 

A diet of 100 percent vegetation will be used to 
calculate risk to mallards from consuming PCB contaminated 
food. The assessment will assume that 10.6 ounces of 
vegetation (0.300 kg) a day is consumed. In the second 
assessment, the same diet of 7 ounces (0.198 kg) vegetation and 
6 mummichogs per day will be used to calculate risk to mallards. 

Data regarding the uptake of PCBs by plants could not be 
located, but literature on the uptake of PCBs by algae was 
obtained. The authors (Wang et al., 1982) report that the 
uptake of PCBs also occurs in plants that are dead, indicating 
that the process may represent absorption in lipid cell 
components. As the uptake mechanism is probably not a result 
of some physiological process unique to algae, the uptake 
values were assumed to also apply to aquatic plants. 
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The concentration of PCBs in plants is thus calculated: 

-3 Channel water concentration = 6.6x10 ng/L (from Table 
F-3). 
PCBs in total suspended solids (tss) = 5.26xl0-1 jig/L. 

_3 Adding the two sources of PCBs together » 6.6x10 + 
0.526 - 5.326X10"1 pg/L 

The concentration in plants is equal to the water and TSS 
concentrations multiplied by the BCF: 

ua PCB 
5.326x10"! ppb x 5500 - 2929 ppb or 2929 kg plant 

The dose to the ducks eating a vegetarian diet is then 
calculated as: 

Concentration of PCB in plant x kg plant consumed/day = 
jig PCB consumed daily 

2929 kg plant x °-300 k9 - 878.7 *ig PCB/day 

Dividing by the average weight of a duck, a "dose received" is 
derived as follows: 

81?15 kg PCP/daY = 764.1 ng/kg/day or 0.76 mg/kg/day 

The chronic value which causes a highly significant 
decrease in hatchability of chicken eggs after 8 weeks of PCB 
treatment in food is 10 mg/kg/day (Scott et al., 1975). The 
dose which caused no. significant decrease in hatchability of 
eggs was 1 mg/kg/day. This value (1 mg/kg/day) will be used to 
calculate the toxicity index. A safety factor is not needed in 
applying this value as a tolerable dose because 1 mg/kg/day of 
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PCB was observed (by Scott et al.) to have no adverse effects 
on chickens. Additionally, a safety factor is not necessary 
for extrapolating between species since chickens are more 
sensitive to PCBs than ducks (Lillie et al, 1974). The 
toxicity index is then calculated as follows: 

dose received 0.76 ma/ka/dav 7 
tolerable dose = 1.0 mg/kg/day = 

The second scenario, in which ducks consume 0.198 kg plants and 
6 mummichogs a day involves the following calculation: 

Dividing the amount of PCB's consumed daily by the average 
weight of a duck, a dose is derived: 

The next dose to be calculated is that received from fish 
ingestion. The average concentration of PCBs in fish is 
17.6 mg PCB/kg whole body wet wt. fish (see Appendix D and 
Table 7-3). 

The fish-ingestion dose is then calculated: 

17.6 X 0.03078 Kq consume . „ 542 maJXB Kg risn day day 

0.542 mg/day + 1.15 kg (avg. wt. duck) - 0.471 mg/kg/day. 

Adding the plant and fish doses together, a final daily dose of 
PCBs is arrived at: 

x 0.198 kg plant = 580 ng PCB 
consumed daily consumed daily 

580 ua PCB 
1.15 kg (avg. 

weight 
of duck) 

504 converting to mg 
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0.504 mg/kg/day + 0.471 mg/kg/day =» 0.975 mg/kg/day 
(from vegetation) (from fish) 

The toxicity index is calculated by dividing the dose received 
by the tolerable dose: 

0.975 ma/ka/dav 
1 mg/kg/day " u-y/:> 

The toxicity indices for PCBs are calculated for ducks 
ingesting a vegetation and fish diet and a strictly vegetarian 
diet are both less than "1." Thus, exposure to PCBs at the UOP 
site is not considered to be a health threat to ducks. 

The toxicity indices calculated for mallard duck exposure 
to PCBs and mercury are summarized in Table 7-1. 

7.1.2 Conclusion and Uncertainties 

Mercury 

The low toxicity index calculated for the vegetarian diet 
implies that mercury poses no imminent threat to mallard ducks 
which consume vegetarian diets. While some ducks may eat a 
strictly vegetarian diet, others may also consume killifish 
(Smith, 1989), and exposure to mercury through the ingestion of 
fish and vegetation may pose a somewhat more serious threat. 
The toxicity index of 42.3 implies that the mallards may be in 
danger of experiencing adverse reproductive effects. Marine 
invertebrates and plants bioaccumulate mercury (Kopfler, 1974; 
Havlik et al., 1979) and as the duck is a higher food chain 
predator it may ingest mercury contaminated plants and animals 
which have very high levels of mercury. 

In the vegetarian diet scenario, the toxicity index was 
estimated using a benchmark concentration which was derived 
using organic mercury, and the root uptake factor was derived 
using inorganic mercury. For this reason, a safety factor of 
10 is appropriate. While it is not known if the benchmark 
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TABLE 7-1 
MALLARD DUCK RISK ASSESSMENT 

Compound 

Mercury 

PCB 

Diet 

Vegetation 

Vegetation and Fish 

Vegetation 

Vegetation and Fish 

Ratio of 
Estimated Dose to 
Tolerable Dose 

0.03 

42 .3 

0.76 

0.975 
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value of 0.1 mg/kg was a lowest observable effect level or a 
mean of some doses, and what percentage of animals were 
affected, a second safety factor of 10 is appropriate as well. 
Even with these two safety factors of 10 included, the Toxicity 
Quotient is still low (0.03). 

Another source of uncertainty involves calculating plant 
root mercury concentration strictly from water uptake. As both 
inorganic and organic mercury will adsorb to sediments 
(Ramamoorthy and Rust, 1976) root uptake through sediments 
should be considered. Once adsorbed, a dynamic process of 
desorption and re-adsorption begins, making it difficult to 
predict the chemical concentration available for uptake 
(Reimers and Krenkel, 1974). In addition, bacteria in the 
sediments may methylate some unknown fraction of the mercury in 
the sediments. 

FCBs 

In the PCB risk assessment the toxicity index using the 
vegetarian diet scenario is less than H1,M indicating that the 
dose received by the ducks is less than that which causes 
adverse reproductive effects. Similar to the mercury 
assessment, the fish and vegetation diet in the PCB assessment 
resulted in a higher toxicity index than the vegetarian diet. 
The toxicity index for the fish and vegetarian diet is close to 
"1" (0.975), indicating that the dose received nearly equals 
the tolerable dose, and some sensitive individual ducks may 
experience adverse health effects. While it is tempting to 
draw the conclusion that the ducks will definitely be impacted 
by ingesting the PCB-contaminated vegetation and fish, some 
uncertainties need to be addressed. 

The use of the chronic value, which was derived from a 
study using chickens, may have caused the toxicity index to be 
higher than it should be, as chickens are known to be more 
sensitive to PCBs than ducks (Lillie et al., 1974). Thus, the 
safe daily intake of PCBs for ducks may actually be more than 
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the value of 1 mg/kg/day which was used to calculate the 
toxicity index. 

While the two sample diets used in the risk assessment 
calculations are representative of what some of the ducks are 
eating it cannot be confirmed that all of the ducks eat the 
same diet. Much as the diet of a human population can vary 
tremendously, so can the diet of the mallard duck. The best 
case is probably represented by the vegetarian diet scenario, 
as plants may be less likely to accumulate PCB's and mercury 
than fish and invertebrates which live in the sediments. This 
is demonstrated in the actual plant and fish concentration 
values used in the risk assessment. The worst case diet would 
probably be that of the mallards consuming only fish and 
invertebrates such as snails and mussels. As this scenario was 
not used in risk calculations, and it is likely to present a 
higher risk than that which would occur using a vegetarian 
diet, it should be concluded that the risk to mallards from 
both PCBs and mercury is highly variable, and that the type of 
diet eaten by individual birds will play the major role in 
intensity of exposure. 

7.2 Mink Risk Assessment 

Many opinions exist as to whether mink now inhabit the 
Hackensack Meadowlands. According to Edward Konsevick, 
Laboratory Manager and Supervisor of Research of the 
Environmental Operations Research Laboratory, Hackensack 
Meadowlands Development Commission, mink do not live in the 
Meadowlands (personal communication, February 20, 1989). The 
last reported mink sighting was in 1948 and no sightings have 
been reported during the Commission's Wildlife Survey for the 
past 17 years. Staff Naturalist, Don Smith has been trapping 
in the Meadowlands for more than 30 years and has not found any 
indications that mink are in the area. Smith believes that if 
a population existed to sustain the 10 minks caught in 
1987-1988 it would be fairly large and he would have seen mink 
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or some signs of them. He also believes the Meadowlands as 
they now exist are not an ideal habit for mink. 

Dr. Sydney Anderson of the New York Museum of Natural 
History (personal communication, April 12, 1989) has not 
researched the area in any great detail, but his impression is 
that mink did inhabit the Meadowlands at one time, but do not 
live there now. 

Ms. Pat McConnell of the New Jersey Fish, Game and 
Wildlife Service has never visited the Meadowlands in search of 
mink, but based on trapping records for Bergen County and the 
habitat of the Meadowlands believes mink do live in the area 
(personal communication, April 26, 1989). This assumption is 
based strictly on habitat since trapping surveys are submitted 
anonymously and there is no way of knowing where in Bergen 
County the mink were caught. In a later communication, Ms. 
McConnell said that she may have located a trapper who has 
caught mink in the Meadowlands and will provide any additional 
information as soon as possible. 

Dr. Richard Van Gelder, retired from the New York Museum 
of Natural History, had no specific information as to whether 
mink inhabit the Meadowlands or not. He believes, based on 
habitat, that if mink were trapped in Bergen County they 
probably came from the Meadowlands, but he is not certain of 
this. He has sighted mink in a residential area 15 miles away 
from the Meadowlands. 

Dr. John Fitch, vertebrate ecologist and Executive 
Director of Mainewatch Institute agrees that the Meadowlands 
habitat is ideally suited to mink but was not convinced they 
now live there (personal communication, April 26, 1989). Since 
mink can travel a large area, Dr. Fitch believes a conduit or 
connection of some kind must be available for mink to use to 
travel from some other area into the Meadowlands. If this is 
possible, i.e., the Meadowlands are not isolated by roadways 
and buildings, the mink may migrate in and out of the 
Meadowlands. Don Smith reported that there is no good 
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connecting habitat in the area (personal communication, May 3, 
1989). In fact, many miles separate the nearest appropriate 
habitat from the meadowlands. It was Mr. Smith's opinion that 
mink are more likely to inhabit the northeast and northwest 
sections of Bergen County where habitat is highly suitable. 
These areas are wooded watershed areas abundant in wildlife. 

Based on the possibility that mink may inhabit the 
Meadowlands, the following ecological risk assessment is 
provided at the request of the New Jersey Department of 
Environmental Protection (NJDEP). 

7.2.1 Mink - PCB Toxicity Assessment 

Mink are sensitive to PCBs and will develop signs of 
toxicity at low doses. Due to this high degree of sensitivity, 
mink will be affected more by the presence of PCBs in the 
environment than any other compound. Therefore, only exposure 
to PCBs will be considered in this assessment. 

This special study assesses the risk of PCB exposure to 
mink in a manner similar to human risk assessments. The 
toxicity of PCBs to mink will be discussed, followed by an 
exposure assessment, and risk characterization. 

Of all species tested, mink are the most sensitive to 
PCBs. Levels as low as 0.64 ppm PCBs (type not specified) in 
the diet for 160 days caused reproductive failure in female 
ranch mink. One ppm may cause death (Eisler, 1986). 

Aulerich and Ringer (1977) showed that the lethal dose 
varied inversely with the chlorine content of PCBs. 
Reproductive effects did not show the same relationship. 
Aroclor® 1254 (54 percent CI) exerted a detrimental effect on 
reproduction when fed to mink at levels as low as 2 ppm for 
8 months. However, Aroclors® 1016 (42 percent CI), 1221 (21 
percent CI) and 1242 (42 percent CI) fed at levels of 2-5 ppm 
for 9 months produced no adverse reproductive effects. No 
information on the reproductive effects of Aroclor® 1248 (48 
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percent CI) in the mink were located. The reproductive failure 
induced by Aroclor® 1254 was not permanent. The reason for 
the varied reproductive response is not known, but may be due 
to the ability of the mink to metabolize selected PCB congeners 
(Eisler, 1986). 

Signs of PCB poisoning in mink include anorexia, lethargy, 
bloody stools, fatty liver, kidney degeneration and hemorrhagic 
gastric ulcers (Aulerich and Ringer, 1977). 

Aroclor® 1254 residues in subcutaneous fat of adult mink 
were up to 38 times the dietary levels with some individual 
congeners accumulating up to 200 times. Elimination of 50 
percent of PCBs from the adipose tissues was approximately 98 
days with 100% elimination by day 199 (Eisler, 1986). 

The feeding level at which no measurable effect occurs is 
not known. Since death and reproductive toxicity have been 
reported at levels of 100 to 640 pg PCB/kg diet, the 
calculated maximum tolerance for mink is less than 1.54 ng 
PCB/kg body weight/day (Eisler, 1986). This value was derived 
by known growth rates of female mink between the ages of 7 to 
13 weeks (weight increased from 560 g to 1,130 g) and by the 
percentage of body weight consumed as food on a daily basis 
(16.4 to 27.2). This growth rate along with a safety factor of 
100 was applied to a dietary level of 0.64 mg PCB/kg diet to 
obtain a tolerable level of 1.54 pg/kg/day (Eisler, 1986). 
Due to the lack of a No Observable Adverse Effect Level 
(NOAEL), Eisler further speculated the tolerable level of PCBs 
for mink may be less than 1.0 ng/kg/day. 

7.2.2 Mink Exposure Assessment 

The wildlife makeup in the Hackensack Meadowlands is an 
ideal food source for mink. The mink is a carnivorous animal 
(weighing approximately 1.5 to 3 pounds) with a diet dependent 
upon the fauna of the environment. Usually, the mink's diet is 
composed of muskrats, fish, frogs, crayfish, mice, rabbits, 

8857H 6020-006-270 
7-14 



grasshoppers, small birds, eggs, salamanders, snakes, turtles, 
squirrels, chipmunks, fresh water mussels, clams, crabs, diving 
beetles, ducks and earthworms (Rue, 1981). A survey of 
organisms in the Berry's Creek area of the Hackensack 
Meadowlands was performed by the Hackensack Meadowlands 
Development Commission (HMDC, 1987). Compatable mink prey 
taken from this survey are listed in Table 7-2. 

Since such a wide variety of game is available, the mink 
diet is difficult to predict. A study of summer and winter 
dietary habits of mink living in a New York marsh reported a 
diet of 34 percent fish in the winter and 32.4 percent fish in 
the summer (Rue, 1981). A similar study performed in North 
Carolina showed fish consumption to be as high as 61 percent. 
PCBs are known to bioaccumulate in fish and fish are likely to 
contribute the major portion of the mink's dietary exposure to 
PCBs. This assessment will focus on the PCB exposure to the 
mink from the fish portion of their diet. Since the New York 
study was conducted in a similar environment to the Hackensack 
Meadowlands, an average daily fish intake of 33 percent will be 
used. Mink eat approximately 3.5 ounces (100 g) of food per 
day (Rue, 1981), so 33 grams of fish are expected to be 
consumed daily. 

The amount of time the mink spend on the UOP site can be 
estimated by the travel range of the mink and the area of the 
water bodies (stream channels) located on the site. The 
on-site stream channels occupy 150,000 ft2 and are on the 
edge of the meadowland bordering East Rutherford (Appendix F). 
Male mink cover a maximum range of 25 miles2 (6.96xl08 
2 ft ) while the female mink usually cover less than 20 acres 

(871,200 ft2) daily (Rue, 1981; J. Fitch, personal 
communication). 

For this assessment, it is assumed that mink spend all 
their time foraging for food, while traveling the range. Since 
female mink appear to be more susceptible to the toxic effects 
of PCBs than males, and the females stay in smaller areas than 
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TABLE 7-2 
POTENTIAL COMPONENTS OF MINK DIET IN THE 

BERRY CREEK AREA OF THE HACKENSACK MEADOWLANDS 
EAST RUTHERFORD, NEW JERSEY 

Invertebrates: 

diving beetles 

Fish: 

• Fundulus heteroclitis: mummichog 
• Fundulus maialis: striped killifish 
• Menidia bervllina: inland silverside 
• Menidia menidia: Atlantic silverside 
• MProne americana: white perch 
• Morone saxatilis: striped bass 
• Anauilla rostrata: American freshwater eel 

Reptiles: 

® CheXydra serpentina: snapping turtle 
• Kinosternon subrubrum: E. mud turtle 
• Clemmvs guttata: spotted turtle 
• MalacXemys terrapin: N. diamondback terrapin 
• Chrvsemvs p^. picta: E. painted turtle 
• Natrix sipedon: N. water snake 
• Storeria £L_ dekavi: N. brown snake 
• Thamnopbis S_«_ sirtalis: E. garter snake 
• Thamnophia sauritus: E. ribbon snake 
• Coluber Ĉ . constrictor: N. black racer 
• Lampropeltis t. trianaulum: E. milk snake 
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TABLE 7-2 (Continued) 

Amphibians: 

• Rana clamitans melanota: green frog 
• Rana utricularia: S. leopard frog 

Crustaceans: 

• Callinectes saoidus: blue crab 

Mammals: 

• Sciurus carolinensis: E. grey squirrel 
• Tamias striatus: E. chipmunk 
• Peromvscus leucopus: white footed mouse 
• Microtus pennsyvanicus: meadow mole 
• Ondatra zibethica: muskrat 
® Rattus norveqicus: Norway rat 
• MU8 musculus: house rat 
• ZaPUS hudsonius: meadow jumping mouse 
® Syjvilagas floridanus: E. cottontail rabbit 

Numerous Ducks and Small Birds 

Source: Hackensack Meadowland Development Committee/ 1987 
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the males, this assessment will focus on PCB exposure to female 
mink. For a worst case assessment, the female mink is assumed 
to live on the UOP site with her den directly on one of the 
channels connecting Berry's Creek to the larger stream channels 
on the UOP site. To obtain the amount of time the mink can be 
expected to visit the UOP streams to collect 33 grams of fish 
daily, the total area occupied by UOP water is divided by the 
total area the mink travels in search of food. 

Daily, the mink may spend an estimated 17 percent of her 
time in the UOP stream channels. Furthermore, the mink is 
conservatively assumed to eat fish each time she visits the 
water site. 

Analysis of fish found in water on the UOP site revealed 
an average concentration of 17.6 mg/kg PCBs (whole body 
analysis, wet weight). Concentrations expressed in wet weight 
were estimated by multiplying concentrations expressed in dry 
weight by the fraction of solids present in the tissue sample. 
Both dry weight values and percent solids are located in 
Appendix D. See Table 7-3 for all wet weight values. The 
following equation is used to calculate the amount of 
PCB-contaminated fish that mink living on the UOP site may 
ingest from the UOP water. 

Fish Ingestion « Total Ingestion x Fish intake x 
for UOP site water UOP stream intake 

Therefore, mink can feasibly ingest 5.61 g of PCB containing 
fish from the UOP site daily. To calculate the maximum-daily 
dose of PCBs mink may ingest: 

0.17 
871,200 ft2 

100 g/day x 0.33 x 0.17 

5.61 g/day 
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TABLE 7-3 
CONCENTRATIONS OF PCBs AND MERCURY IN MUMMICHOG AT UOP SITE 

EAST RUTHERFORD, NEW JERSEY 

PCB (Aroclor® 1248) Hg 
Sample Location (ma/ka. wet weight:> (aa. wet weights 

Aa 22.85 0.39 
Aa 9.92 0.45 
Ab 19.72 0.31 
Ab 29.71 0.53 
Ac 19.36 0.38 
Ac 14.62 0.31 
Ba 19.66 0.33 
Ba 18.43 0.42 
Bb 22.84 0.31 
Bb 22.28 0.34 
BC 18.14 0.40 
Ea2 7. 63 0.42 
Ea2 16.5 0.40 
Ca 19.65 0.41 
Ca 18.76 0.45 
Cb 21.84 0.28 
Cb 19.23 0.47 
Cc 26.2 0.31 
Cc 14.82 0.48 
Da 9.69 0.44 
Da 13.73 0.47 
Db 6.92 0.75 
Db 34.08 0.27 
Dc 7.23 0.39 
Dc 6,49 0. 50 

X - 17.61 ± 7.09 X - 0.41 ± ( 

Source: Appendix D 
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PCBaose = Concentration of x fish intake x 
PCB in fish 

1 
mink body-
weight 

17.61 mg/kg x 0.00561 kg/day x 1 
0.91 kg 

= 0.109 mg/kg/day 

= 109 ng/kg/day 

7.2.3 Mink Risk Characterization 

The estimated exposure dose of 109 ^g/kg/day is 
approximately 70 times higher than the estimated maximum 
tolerable dose of 1.54 pg/kg/day set by Eisler (1986). 
However, it must be kept in mind that all the factors used to 
calculate the exposure dose assumed a conservative, worst case 
scenario and this exposure dose is probably an overestimate of 
the actual PCB intake of mink, even if they are in the area. 

Due to the location of the UOP site (i.e., at the edge of 
the Meadowlands with the highly developed city of East 
Rutherford and several major roadways nearby) mink are probably 
very unlikely to actually live or range on the UOP site. Large 
parts of the Meadowlands are relatively uninhabited by people 
and support a large variety of suitable game for the mink to 
live on, and would therefore be far more suitable habitat for 
the mink. 

A male mink can travel great distances with speeds ranging 
from 2-4 miles per hour (Rue, 1981). At this rate, the male 
could easily cover the entire Meadowlands area each day. Male 
mink cover an estimated maximum range of 25 square miles (Rue, 
1981; J. Fitch, personal communication). This large range 
would make it extremely unlikely that the male mink would visit 
the UOP site and obtain fish from the UOP streams and channels 
with any greater frequency than the female mink living on the 
site. While the speed that mink travel provides an indication 
of how mink may use the UOP site, for the purpose of estimating 

8857H 6020-006-270 
7-20 



chronic risk, travel speed is less important than fraction of 
time spent on the site. Here we assume that the probability of 
the occurrence of a male mink in the UOP area is equal to the 
ratio of the area of the UOP site to the entire area of the 
mink's range. This assumes that there is an equal probability 
of the mink being in any one place within his range at any one 
time. 

Thus, the exposure dose to male mink eating PCB containing 
fish from this site would be extremely small, as they would 
visit the site only 0.02 percent of the time (calculations 
based on previous formulas). Assuming the male mink weighs 
1.25 kg, his estimated exposure dose would be 0.09 ng/kg/day, 
which is well below the maximum tolerable dose of 
1.54 ng/kg/day and results in a toxicity index of 0.06. 

The toxicity index value is directly proportional to the 
ratio of the UOP site area to the total range area. The 
limited information available indicates that male mink range 
about 25 square miles. Even if that range were overestimated 
by a factor of two, the resulting toxicity index would still be 
only 0.12. The summary of mink risks to PCB exposure are 
summarized in Table 7-4. 

The farther the female mink establishes her den away from 
the UOP site, the less likely she is to travel to the UOP 
stream channels to obtain fish. Even if the female established 
her den at the point where the channel enters into Berry's 
Creek, her range would not be great enough to take her up the 
channel to the UOP streams. Living at any point beyond the 
channel on the UOP site would reduce the risk of female mink 
eating fish containing PCBs from the UOP streams to that of the 
male mink or lower. 

7.2.4 Conclusion and Uncertainties 

The ecological risk assessment for the mink was done by 
estimating the exposure dose to the animal. Due to the 
uncertainty associated with the actual location of mink in the 
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TABLE 7-4 
MINK RISK ASSESSMENT 

PCB Ratio of 
Estimated Dose to 

Mink Gender Tolerable Dose 

Male (25 mi2 range) 0.06 

Male (12.5 mi2 range) 0.12 

Female 70 
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Meadowlands and intraspecies variability, several assumptions 
were made: 

• female and male mink were assumed to weigh 0.91 and 
1.25 kg, respectively; 

• female mink were assumed to travel 20 acres daily in 
search of food. Male mink were assumed to travel: 
a) 25 square miles daily; or b) 12.5 square miles 
daily; 

• all mink were assumed to eat 33 grams of fish daily; 
and 

• each time mink traveled to the UOP streams, they were 
assumed to eat PCB-containing fish. 

Due to a lack of data on no-observable effect levels of 
PCBs in mink, the estimated maximum tolerable does used in this 
risk assessment is also uncertain. 

This analysis presents two extremes of risk to mink. The 
worst possible case includes high exposure to female mink 
living directly in the channel. The best case is that mink do 
not frequent this site. 
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8. UNCERTAINTY ANALYSIS 

8.1 Introduction 

An ecological risk assessment estimates the risks to the 
ecology of an area, based on a limited knowledge of the complex 
dynamics of the ecosystem and limited toxicological data on the 
compounds of interest and their effects on the species in the 
environment. Thus, numerous assumptions must be made when 
assessing the potential ecological impacts of chemical effects 
on an ecosystem. Some of the assumptions have a strong 
scientific basis, while others are more uncertain due to 
inadequate scientific data. Because we are not certain about 
each of the assumptions, some uncertainty is introduced into 
the risk assessment process every time an assumption is made. 
The sources of the uncertainty are described in qualitative 
terms, because in most instances, with the exception of the 
Analysis of Extrapolation Error method, there is not enough 
information to quantify the magnitude of those uncertainties. 

There are two categories of uncertainty associated with 
risk assessment: 1) that which is inherent in the risk 
assessment methodology; and 2) that which is associated with 
our knowledge of the site, referred to as site-specific 
uncertainty. Site-specific uncertainties include uncertainties 
in the scientific understanding of the biological effects of 
environmental stressors and the complexity and inherent 
variability of natural populations and ecosystems, as well as 
uncertainties about the system dynamics of the chemicals of 
interest on the site. The following discussion will 
qualitatively identify many of these sources of uncertainty. 

8.2 Natural Variability in the Environment 

The physical and biological relationships in an ecosystem 
are intertwined into a complex web of interdependent species 
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co-existing in a dynamic environment. There is a great deal of 
natural variability inherent in the environment due to 
successional changes over many years, seasonal changes during a 
year, weather changes from day to day, and, in an estuarine 
environment such as the UOP site, tidal changes within a day. 
With the flood and ebb of the tide, the physical environment 
and the species living there are exposed to wide variations in 
water availability and flow, salinity, nutrients, oxygen, and 
temperature. The environmental conditions in an estuary are 
always changing. This natural variation results in an 
ever-changing physical and biological system dynamic that is 
difficult to quantify. 

Sediment concentrations and water concentrations measured 
at the UOP site may be highly variable due to the natural 
variability in this estuarine environment. An assumption is 
made in conducting this risk assessment that the samples 
collected at the site are truly representative of the average 
physical conditions of this dynamic environment. Because the 
sediments are more stable than the flowing water, this 
assumption will tend to be more appropriate for the sediment 
measurments than the water measurements. 

The fauna living in this dynamic estuarine environment 
also demonstrates considerable variability in their movements 
and habitats. The pelagic organisms, such as the Fundulus 
spp., may move in and out of stream segments along with the 
tide, and thus will be exposed to varying water concentrations 
of chemicals. Benthic organisms, on the other hand, may vary 
their movements, according to tidal flow, in a vertical 
direction, possibly burying into the sediments at low tide and 
returning to the sediment surface as the tide returns. These 
movements will result in a varied exposure to concentrations of 
chemicals within the sediments. The methods of the ecological 
risk assessment assume that, despite the movement dynamics of 
the organisms within the environment, their exposure to 
chemical concentrations in the soil and the water is relatively 
constant. It is also assumed that the natural variation in the 
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physical environment would neither lessen nor increase the 
potential effects of the chemicals of concern on these 
organisms. These simplifying assumptions are necessary for the 
practical application of the risk assessment methodology. 

8.3 Uncertainty in Sources 

The fate and transport of the chemicals of concern in this 
dynamic, fluctuating environment are uncertain. Samples were 
not collected at Berry's Creek, so it is not known how much, if 
any, chemical loading is being contributed by other sources. 
The chemical transport by means of tidal fluctuations from one 
creek to another is uncertain. It should be noted that 
elevated concentrations of several chemicals were measured at 
the reference (control) area. This implies that the 
meadowlands area is not pristine and experiences many other 
sources of chemical loading (additional to the UOP site). 

Several of the water chemistry analyses measured chemical 
concentrations that were below the analytical detection limit. 
This limitation in analytical methodology lends uncertainty to 
the true chemical concentrations in the water. For the 
purposes of the risk assessment based on water concentrations, 
it is conservatively assumed that these chemical concentrations 
were at levels of half the detection limit. Further data on 
water concentrations were developed by means of a model. 
Uncertainties inherent in the water model are discussed in 
Appendix F. 

8.4 Uncertainties in Quotient Method 

The quotient method measures the potential risk to a 
species by comparing the estimated environmental concentration 
to a toxicological benchmark concentration. Uncertainties in 
the estimation of the environmental concentration are discussed 
in Section 8.3. Many uncertainties also accompany the use of 
toxicological benchmarks. First, the toxicological data 
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available are limited in its scope of species covered, 
chemicals, and measured effects. Secondly, the data are 
inherently variable due to differences in scientific 
methodology applied by different researchers. 

In some cases, the toxicological benchmark used for the 
evaluation of potential risk to an indicator species was not 
that of the same species. In some instances, the toxicological 
benchmark selected, in the absence of more specific data, may 
not measure the same effect as the chosen endpoint for the 
indicator species. 

These limitations and uncertainties in the quotient method 
result in an uncertain ratio as the measurement of potential 
ecological risks. 

8.5 Uncertainty in AEE Method 

The Analysis of Extrapolation Error (AEE) method carries 
with it the same uncertainties as that of the quotient method 
in the use of toxicological benchmarks. However, the AEE 
approach attempts to quantify that uncertainty by estimating 
the variance about the assumptions made in extrapolating 
toxicological data between different species and between 
different endpoints. The AEE method allows for this measure of 
uncertainty by expressing results as a function of probability. 

8.6 Uncertainty in Mallard Duck and Mink Risk Assessments 

The uncertainties in the risk assessment for the mallard 
duck and the mink are discussed in Sections 7.1.2 and 7.2.4, 
respectively. 
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9. SUMMARY 

This document presents an ecological risk assessment for 
the UOP site along Berry's Creek in East Rutherford, New 
Jersey. A preliminary survey of the vegetation and wildlife on 
the terrestrial portions of the site indicated no need for an 
ecological risk assessment for those areas. The habitats on 
the site designated for risk assessment are the tidal 
channels. The methodology generally follows the format used in 
public health risk assessments. The major components in this 
report include a description of both the Indicator Species and 
Indicator Compounds selected for this analysis, a discussion of 
exposure including a description of the model used to estimate 
contaminant concentrations in water, a characterization of 
ecological risks by three methods, and a discussion of 
uncertainties associated with such analyses. The three methods 
are the Toxicity Quotient Method, the Analysis of Extrapolated 
Error Method (described by Oak Ridge National Laboratory for 
aquatic species), and a dose-response method for mallard ducks 
and mink. 

Selection of Indicator Compounds is based on 
concentrations of chemicals reported on the site in both 
sediments and water, the frequency of detection for the 
contaminants, federal Ambient Water Quality Criteria, and 
knowledge of potential toxicity of the chemicals. The final 
selection includes both metals and organic compounds. The 
eleven indicator chemicals for ecological risk assessment are 
cadmium; chromium, mercury; lead, zinc; 1,2-dichlorobenzene; 
1,2-diphenylhydrazine; di-2-ethylhexyl phthalate; PCBs; phenol; 
and total PAHs. Indicator Species are selected to represent a 
variety of taxonomic groups and life histories. The seven 
indicator species are Chironomidae or non-biting midges, 
Palaeomonetes puqio or grass shrimp, Congeria leucoohaeta or 
platform mussel, Callinectes saoidus or blue crab, Fundulus 
heterocHtus or mummichog, Anas platvrhvchos or mallard duck, 
and Mustela vison or mink. 
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For the aquatic species, two routes of exposure to the 
Indicator Compounds are assessed: from the column water and 
from the sediment pore water. These species are the midges, 
grass shrimp, platform mussel, blue crab, and mummichog. For 
at least some of these species and chemicals, published studies 
indicate that uptake comes primarily from column water. For 
many of the Indicator Compounds, concentrations in the tidal 
channels are below test detection limits. To provide estimates 
of chemical concentrations and a measure of uncertainty 
associated with those estimates, column water and pore water 
contaminant concentrations are modeled. 

Water concentration modeling is based on field data for 
surface sediment concentrations. Sediment samples are assumed 
to represent the reach of a channel where they are collected, 
and by defining and estimating the area of the reaches, an 
areally weighted average sediment concentration is obtained. 
From this, an average pore water concentration is calculated 
using the conservative (worst-case) assumption of equilibrium 
of contaminants between pore water and sediment solids. A 
water quality model that treats the contaminants as a slick on 
the bottom of a river is modified to predict concentration of 
dissolved contaminants in the channels, with the slick being 
the contaminants at pore water concentration. Monte Carlo 
simulations are employed to transform frequency distributions 
from areally averaged sediment calculations and the 
sediment-water partition coefficient into frequency 
distributions for sediment pore water and channel water 
concentrations. For organic contaminants likely to partition 
to suspended sediments, suspended sediment are assumed to have 
the same concentration of contaminant as bed sediments. For 
these compounds, the channel estimated water concentrations are 
the sum of the predicted dissolved concentration and the 
suspended sediment concentration. 

The modeled water concentrations (column and pore water) 
are then compared to toxicological benchmarks in the Toxicity 
Quotient Method (QM) described by Oak Ridge National 
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Laboratory. The QM is simply an arithmetic comparison made by 
forming a ratio of an expected environmental concentration 
(EEC) to a benchmark concentration (BC) from a toxicological 
study. 

First, modeled column water concentrations of Indicator 
Compounds are used as EECs. Three types of BCs are used: 
Ambient Water Quality Criteria prepared by the U.S. EPA and 
both acute and chronic test results for the indicator species 
or their surrogates. Results indicate that mercury, zinc, and 
PCB concentrations in column water exceed the Ambient Water 
Quality Criteria and/or the chronic toxicological benchmark 
concentrations. 

Second, the toxicity quotient analysis is also conducted 
using modeled sediment pore water concentrations of Indicator 
Compounds as the EECs. Results indicate that pore water 
concentrations of cadmium, lead, mercury, zinc, phenol and PCBs 
exceed the Ambient Water Quality Criteria and/or one or more of 
the acute and/or chronic toxicological benchmark 
concentrations. However, this comparison may not be accurate 
since the Ambient Water Quality Criteria and benchmarks are 
based on an ambient open water environment, not on a 
sediment/interstitial water environment. Also, this pore water 
analysis assumes that the indicator species are constantly 
exposed to the pore water, whereas, in actuality, much of their 
exposure is through the C9lumn water. 

/ 
For several of the Indicator Compounds for which the 

Toxicity Quotients exceed one, and for chromium, which occurs 
in high concentrations in sediments on the site, a second 
analytic technique is applied. This technique is the Analysis 
of Extrapolation Error (AEE), also described by Oak Ridge 
National Laboratory. AEE is a relatively new method for 
ecological risk assessment that allows a statement of 
uncertainty about the environmental concentration exceeding 
toxicological benchmarks. The method has two components. 
First, a mean and variance for a chronic toxicological 
benchmark for the indicator species are estimated from other 
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known test results and known relationships among results. 
Then, the probability that the environmental concentration will 
exceed the extrapolated endpoint is calculated based on the 
results of the first component and the mean and variance of the 
modeled water quality data. 

The AEE method indicates that it is probable that the mean 
modeled channel water concentrations of zinc exceed 
extrapolated mean thresholds for chronic effects on mummichog 
and blue crab. There is some uncertainty in this conclusion 
due to the uncertainty in both the concentration in the water 
and the extrapolated benchmark concentrations for the species. 
There is also a relatively low probability that channel water 
concentrations of PCBs and inorganic mercury will not exceed 
chronic benchmarks, although mean modeled water concentrations 
are below mean toxicological benchmark extrapolations. On the 
other hand, it is highly probable that modeled channel water 
concentrations of chromium do not exceed the endpoint 
concentrations for chronic effects on the Indicator Species. 
For methyl mercury, the assessment results are less clear. 
However, literature studies indicate that bacteria in Berry's 
Creek sediments do not methylate mercury. Therefore, species 
on the site may not even be exposed to methyl mercury. 

Risk assessments for mallard and mink are based on 
comparisons of doses of ingested contaminants to toxicological 
benchmarks obtained from the literature on dosage experiments. 
Foodchain pathways were evaluated for mallards consuming 
mercury-contaminated and PCB-contaminated food items and for 
mink consuming PCB-contaminated food items. PCB body burdens 
were directly measured in Funflulus heteroclitus collected at 
the UOP site and were found to be in a range of 6.40 to 
34.08 mg/kg with a mean of 17.6 mg/kg (wet weight). This data 
is used in the mink and mallard risk assessments as a means of 
evaluating biomagnification of PCBs via the foodchain. 

Mallards eat several different food items, so for each of 
these two Indicator Compounds, two feeding regimes were assumed 
based on reported diets. The first diet is assumed to be all 
plants, and the second is assumed to be about 30 grams of 
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mummichogs and 200 grams of plants. Measured mummichog body 
burdens were used in the analyses. Hazard indices for mercury 
(defined as dose received/benchmark dose) are 0.03 for the 
vegetation diet and 42.3 for the mixed diet. For PCBs, the 
hazard indices are 0.76 and 0.975 for the vegetarian and mixed 
diets, respectively. The results indicate that a vegetarian 
diet does not appear to pose any potential adverse effects, 
while the mixed diet shows a high potential for adverse effects. 

The risk assessment for mink is performed in a similar 
manner. Only risk from PCBs is considered because of the 
mink's sensitivity to the effects associated with that 
compound. Mink also eat a variety of foods, with one New York 
study indicating a diet of about one third fish. Assuming a 
conservative case, mink eat a diet of one third fish with an 
estimated body burden equal to the mean measured body burden of 
mummichogs on the UOP site. After estimating average mink 
weight and average total food intake, a maximum possible dosage 
can be calculated. By knowing the areal ranges that mink 
travel and comparing that to the area of the channels where the 
contaminated mummichogs are available, a fraction of diet 
coming from the site is calculated under the conservative 
assumption that both a male and female mink have the center of 
their range on the site next to the channels. Because of the 
difference in ranges between sexes, the predicted risks are 
different. The conservative-case estimated exposure dose for a 
female mink with a den on the site is 109 ug PCB/kg body 
weight-day, or 70 times higher than the estimated tolerable 
dose. For the male, however, the conservative-case estimated 
exposure dose is 0.09 ug/kg-day, or about 17 times less than 
the estimated tolerable dose. An opposing scenario is that 
mink do not inhabit the site and, therefore, would not 
exposed. Because of the small area of the site compared to the 
Meadowlands and the relative proximity of the site to a major 
road and human activities, the probability of female mink 
making dens on the site and experiencing such conservative-case 
conditions remains unclear and may be quite small. 

89O0H 6020-006-270 
9-5 



There are many uncertainties associated with this risk 
assessment and the various techniques employed. Under the best 
conditions, ecologists have limited ability to predict future 
dynamics of single populations and less ability to predict the 
behavior of complex systems. Each step of this risk assessment 
makes simplifying assumptions without which the task would be 
overwhelming, but with which uncertainty increases. 
Uncertainties are reviewed in each section, but several sources 
pervade the entire assessment. First, many concentrations of 
chemicals in channel water are below test detection limits some 
or all of the time, and so actual concentrations are unknown 
and model results cannot be completely verified. Second, there 
is natural variation in almost all aspects of animal 
physiology, as well as great variability in most physical 
aspects of estuarine habitats. However, some sort of mean or 
typical condition must be assumed for each method. In 
addition, toxicological results for the Indicator Species 
exposed to the indicator chemical long enough to make an 
ecologically meaningful observation are not always available, 
and so these assessments rely on extrapolations, surrogate 
species, and other assumptions that cannot be completely 
evaluated. Comparisons between the reference area and the site 
area for mercury are not made because mercury concentrations 
are somewhat higher in the reference area than the site area. 
Berry's Creek estuary is well known for its mercury 
contamination with its likely source from upstream of 
Ackerman's Creek. 
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APPENDIX A 
PRELIMINARY SURVEY 

A.1 Introduction 

ENSR conducted a preliminary site assessment on 6 and 7 
October, 1988 to obtain baseline data on the planktonic and 
benthic organisms present in the stream channels. These 
samples were used to select and estimate abundance of indicator 
species. In addition, terrestrial vegetation and vertebrates 
were observed, and data were collected on species presence, 
relative abundance (vegetation), or activity (vertebrates) in 
order to assess the need for including terrestrial portions of 
the site in the ecological risk assessment. The following 
sections contain data summaries; the raw data from the 
preliminary survey are presented in Appendix B. 

A.2 Description of Study Site and Reference Area 

Reference areas for the survey were designated by NJDEP 
(Figure A-l). The "study site" was considered to be the upland 
portion of the UOP-owned property (for the vegetation survey) 
and stream channels A, B, and C (for the aquatic species 
survey). Stream channel D and the area depicted on Figure A-l 
are respectively, the aquatic and terrestrial reference areas. 

A.3 Terrestrial Survey 

A.3.1 UOP Site Vegetation Study 

Plant species identified on 6 and 7 October, 1988 at the 
UOP study site are listed in Table A-l. This list was checked 
against Hough's (1983) list on the biogeography of plants in 
New Jersey. All of the species have been reported previously 
from the area with the following exceptions: Ambrosia 
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TABLE A-l 

PLANT SPECIES OBSERVED AT THE UOP SITE 
DISTRIBUTION AREA 

(a) Plant Species On-Site 

Acer rubra X 
Achillea sp. X 
Aprostis sp. X 
Ailanthus altissima X 
Ambrosia artemesifolia X 
Ambrosia trifida X 
Andropopon sp. X 
ADOconum androsapmifolium X 
Artemisia sp. (b) X 
Asclepias sp. X 
Ascleoias syriaca X 
Aster dumosum (c) X 
Aster subulatus X 
Baccharis halmifolia X 
Bidens frondosa X 
Chenopodium sp. X 
Cirsium discolor Cuscuta sp. X 
Cyparus strigoaus X 
Daucus carota X 
Eupatorium rugosum X 
Euoatorium serotinum (d) X 
Galinsoqa sp. X 
Leoidium virginicum X 
Linaria vulaaris X 
Liauidamkar styraciflua X 
Lythrum Salicaria X 
Lvcopus vircrinicus X 
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TABLE A-l (Continued) 

Plant Species On-site 

Melilotus sp. X 
Morus sp. X 
Oenothera biennis X 
Oxalis sp. X 
Parthenocissus quanguefolia X 
Phargmites sp. X 
Phytolacca americana X 
PIantago lanceolata X 
Plwchea purpurescops X 
Polygonvm persicaria X 
Populus deltoides X 
Pyrus sp. X 
Rhamnas sp. X 
Rhus radicans X 
Rhus sp. X 
Rubus sp. X 
Setaria faberii X 
Solanum dulcamara X 
Solidaao araminifolia X 
Solidago rugosa X 
Rolidaao sempervirens X 
Sonchus eleraceus X 
Vitas sp. X 
Xanthium strumarium X 

Ambrosia psilostachya was identified (probably incorrectly), but 
was not found to be indigenous to NJ according to Hough (1983). 
absinthium only sp. recorded here 

(c^West and south of Meadowlands 
South and west Jersey 
Should be pluchea odorata due to an error in the type specimen i. 
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psilostachva - not reported from New Jersey; Aster dumosum -
reported south and west of the Meadowlands area; Eupatorium 
serotinum - reported from south and west New Jersey; and 
Pluchea purpurescens - probably should be Pluchea odorata due 
to an error in the identification of the type specimen. A 
survey of the fall-blooming and fruiting plant species was 
conducted to assess any need for extending the focus of the 
ecological risk assessment to the upland areas of the site. 

A more in-depth survey of the woody and herbaceous 
vegetation was undertaken in order to investigate differences 
in the terrestrial vegetation between the study area and the 
designated reference area. Results are summarized below. 

A.3.2 Woody Vegetation 

Woody vegetation (trees at least 1.5 m tall) in the upland 
areas were sampled at 10-m intervals along a 100-m transect by 
the point-centered quarter method (ENSR SOP No. 670-088) on 6 
and 7 October, 1988. One transect was located in the study 
area and one in the designated reference area. Plants were 
identified to species according to Petrides (1973). The data 
were analyzed to determine density, dominance and frequency 
according to Mueller-Dombois and Ellenberg (1974). Because 
there were so few individuals in the community, some plants 
were sampled twice. These "repeat plants" were not included in 
the calculations of frequency, density, and dominance. 

There were few species of trees at the two sites, and 
individual trees were separated by relatively large distances 
(Table A-2). All of the species of trees at both sites are 
colonizing species and are sufficiently small (mean dbh ± one 
standard deviation; study area - 4.79 cm ± 2.97; reference 
area = 13.7 cm ± 14.12) that they could easily have become 
established since the industrial activity ceased and the 
buildings were levelled. 
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TABLE A-2 
WOODY VEGETATION SUMMARY STATISTICS 

Average Distance Between Plants 
Plants per Acre 
Number of Species 

Study Area 

15.0 m 
18 
2 

£. deltoides 
A« altissima 

Reference Area 

11.1 m 
33 
4 
£. deltoides 
A. altissima 
Morus sp. 
R. pseudoacacia 
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Cottonwood (POPUIUS deltoides) was the most common species 
at both sites (Tables A-3 and A-4) (i.e. had the highest 
density and frequency). Some large individuals of Morus sp. 
caused that species to have the highest dominance value in the 
reference area (Table A-4), despite the fact that there were so 
few individuals. 

The woody vegetation is sparse at both the study and 
reference sites. There are only a few plants, and they are 
apparently young and are widely spaced. The differences in the 
two communities can probably be explained by differences in 
dispersal to and colonization of microsites. 

A.3.3 Herbaceous Vegetation 

The herbaceous vegetation was sampled on 6 and 7 October, 
1988 at 1-m intervals along a series of 25-nr transects in the 
study and reference areas using the line-intercept method (ENSR 
SOP 670-087, contained in Ecological Risk Assessment Work Plan, 
February, 1989). Height and cover were measured for 
individuals directly beneath the transect line. "Bare ground" 
was considered to be equivalent to a species for the purposes 
of these analyses. Frequency, dominance, and density were 
calculated according to Mueller-Dombois and Ellenberg (1974). 
Graminoids were pooled for analyses with the exception of 
PhEagmites communis. Reproductive status was measured 
according to a presence/absence (evidence of flowering or 
fruiting) scale. 

Plant species distributed in both sites with sample sizes 
greater than one had a greater mean height in the reference 
area (with the exception of Aster dumosum which had a greater 
mean height in the study area) (Table A-5). There were more 
bare ground and paved surfaces in the study area than reference 
area transects (Table A-5). Plants were reproducing iii both 
the study and reference areas, although reproduction was 
variable between species (Table A-5). 
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TABLE A-3 

SUMMARY STATISTICS ON WOODY VEGETATION IN THE 
UOP SITE STUDY AREA 

Relative 
Density (%) 

Relative 
Dominance i%) 

Relative 
Frequency CM 

Populus deltoides 
Ailanthus altissima 

92 
8 

80 
20 

80 
20 

8938H 6020-006-270 

A-8 



TABLE A-4 

SUMMARY STATISTICS ON WOODY VEGETATION IN THE 
REFERENCE AREA 

Relative Relative Relative 
PeositY (M Pominance Ct>) Frequency (%) 

Populus deltoides 
AilantPus altissima 
MQfVS sp. 
Robinia pseudoacacia 

78 
7 
7 
7 

33 
3 
64 
0 

62 
13 
13 
13 
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TABLE A-5 
HERBACEOUS VEGETATION SUMMARY DATA 

Specj.es* Mesa Height Mean Cover % Repro. Number 

STUDY AREA 
Ambrosia artemisifolia 46.1*34.3 8.4±3.4 32 
Artemisia sp. 8 8 0 
Aster dumosum 51.5*25.5 22.4+11.1 100 
Bare ground 
Rupatoriwn serotinum 80.8*18.3 15.0±1.4 75 
Graminoids* 22.0*22.8 16.7*15.4 61 
Moss*1* 

Phraqmites communis 126.9±30.8 42.8*28.0 20 

Plwchea purpurea 60 13 100 
SPiidagp rugosa 70 14 100 
Solidaqp sempervirens 55.7*38.4 14.8*4.1 50 

28 
1 
7 
37 
4 
28 
2 
10 
1 
1 
6 

REFERENCE AREA 

Achillea millefolium 63 20 
Ambrosia artemisifolia 55.6*25.3 13.7*6.2 
Aster dumosum 47.2*16.7 24.9*8.8 
Bare ground 
Centaurea sp. 39.5*4.9 11.5*2.1 

Eupatprivm serotinum 53 28 
Graminoids* 27.4*4.6 16.8*5.0 
Melilotus alba 46 20 
Phregmites communis 136.6*42.4 21.1*8.3 
Pppuius deltoides 
Setaria sp. 53 33 
Solidagp sempervirens 87.8*18.5 20.4*8.3 

100 
43 
100 

100 
100 
23 
0 
64 

100 
89 

1 
35 
12 
21 
2 
1 
13 
I 
II 
1 
1 
9 

*Graminoids = all "grasses" except Setaria and Phragmites. 
**moss = unidentified moss. 
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A. 3,4 Terrestrial Animal Survey Observations 

A site walkover was conducted on October 6 and 7, 1988 
during which general observations were made of terrestrial 
animals in the reference and study areas. Bird activities for 
these observation periods are listed in Table A-6. On October 
6, observations of bird activity were made from 9:05 to 9:40 
a.m. at separate sites overlooking Ackerman's Creek (study 
area) and a Phraamites wetland in the reference area. On 
October 7, 1988 bird activity was observed along the railroad 
track (while walking north) from 9:07 to 10:30 a.m. From 1:18 
to 1:40 p.m. on October 7, 1988 bird activity was observed from 
the railroad trestle looking south over the study area. The 
species which were sighted during these observation periods are 
listed in Table A-7. 

The following evidence of mammals was observed while 
conducting the vegetation survey of the study area: 

» rabbit feces 
e dead mouse/vole 

The following evidence of animal activity was observed 
while conducting the vegetation survey at the reference area: 

9  dragonfly 
9 bees 
9 grasshopper 
9 butterflies (3 species) 
9  rabbit feces 
9  field mouse 
9 small burrow under a fence 

8937H 6020-006-270 
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TABLE A-6 

BIRD ACTIVITY OBSERVED AT THE STUDY SITE AND REFERENCE AREA 

Species Common Name Reference Area Stwdy Area 

Spjzella passerina 
Corvus brachyrynchos 
Pranta canadensis 
Sturnus vulgaris 

Anas oscuta 
kerns ergentatvs 
Anas p1atyrhyncho s 

Chipping Sparrow Perching Flying 
Common Crow Flying Flying 
Canada Geese Flying 
Starling Perching Flying 
Gull Flying 
Duck Flying 
Northern Pintail Flying 
Herring Gull Flying 
Mallard Flying 

8938H 6020-006-270 A-12 



TABLE A-7 

DAILY BIRD ACTIVITY OBSERVED AT THE STUDY SITE 

Species 

Passer domesticus 
Melospiza maioflia 

Cyanocitta cristate 
Corvus brachyrynchos 
Carpoflacus rospicanvs 

8938H 6020-006-270 

Common Name 

House sparrow 
Song sparrow 
Duck 
Blue Jay 
Common Crow 
House finch 
Gull 

Morning 

Flying 
Feeding 
Flying 

Afternoon 
Observations 

Flying 

Perching 
Perching 
Flying 
Flying 



A.3.5 Conclusions of Terrestrial Survey 

The survey of plants and animals in terrestrial areas 
showed no significant differences between on-site and reference 
areas. Any minor differences observed are easily attributed to 
remnants of development (foundation pads and paved areas) 
rather than to contamination. This conclusion is consistent 
with earlier perceptions that the stream channels were critical 
in terms of contamination, exposure routes and sensitive 
species. 

A.4 Aquatic Survey 

A.4.1 Zooplankton Survey 

Zooplankton samples were collected by horizontal tows with 
a Wisconsin-style plankton tow net (mesh size - 64 nm) in the 
stream channels at each of the study area sites and at the 
reference site (Walden Swamp). The samples were preserved in 
order to retard degradation of the organisms. A qualitative 
analysis was performed in order to determine general trends in 
species diversity and community similarity between the study 
sites and reference site. As this analysis was qualitative and 
not quantitative in nature, the presence of an organism was 
recorded as being either rare (R), infrequent (I) or abundant 
(A) in each sample (Table A-8). 

Analysis of the samples indicated the presence of several 
different species of adult copepods (cyclopoid and calanoid 
forms) and an even larger number of juvenile copepods (i.e. 
copepodites). Rotifers were slightly more abundant than 
copepods. Large numbers of invertebrate "resting" eggs were 
also abundant in most samples. Other organisms present 
included both nematodes and coleopterans. All of the organisms 
retrieved by the zooplankton tows are considered to be 
indigenous to the Hackensack Meadowlands area (Hackensack 
Meadowlands Development Commission, 1987). Identifications 
were according to Pennak (1983), Gosner (1978) and Smith (1964). 

A-14 
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TABLE A-8 
RELATIVE ABUNDANCE OF ZOOPLANKTON FROM UOP SITE STREAM CHANNELS 

Cyclops calanoid Miscellaneous Coleoptera 
Site copepodld copepod copepod Nauplius Rotifers Eggs Nematode (beetle) Unknown 

R A A A 
A2 R R R A 
A3 R 
B2 R 
B3 R A 
B4 I 
C2 X 

•f C3 
M , tn DEI R I A I 

DE2 I I A 
DW1 A A 
DW2 A A 

R 

Explanation: 
R: rare 
I: Infrequent 
A: abundant 



Data from this qualitative analysis indicate no difference 
in the diversity nor community composition of micro-
invertebrates between the study area and the reference area. 
Significant variability exists for both of these measures even 
within the reference area. If the replicates for each site are 
composited, both the numbers and types of organisms in the 
study areas are very similar to those of the reference area. 
Site C is an exception to this, but this difference may be 
explained by natural variability or the presence of 
anthropogenic (concrete and gravel) rather than naturally 
occuring sediment. 

Although no significant qualitative differences are 
apparent between the microinvertebrates of the study and 
reference areas, this does not necessarily indicate that the 
organisms at the UOP site have not been impacted. Sediment 
contamination concentrations are also high off-site, and 
therefore there is some question as to whether the reference 
area is appropriate as a presumed non-impacted area. 

A.4.2 Macro-Invertebrates 

Representative sediment samples were collected with a 
ponar sampler from the study sites (A, B and C) and the 
reference site in Walden Swamp (D) (Figure A-l). The samples 
were hand picked for macro-invertebrates in order to determine 
species diversity of the study areas relative to that of the 
reference area. As only representative species were collected 
from the samples (actual numbers of each species were not 
counted) the ensuing analysis is qualitative in nature. 

In order to determine the effect of xenotoxins at the UOP 
site on invertebrate organisms, species richness and relative 
presence (percent of subsites at which an organism appeared per 
site - see Tables A-9 and A-10) were analyzed. Area D, the 
reference area possessed the greatest species diversity and 
relative presence. The effects of toxins were manifested by a 
decrease in both of these indices in the study areas. Of the 

8937H 6020-006-270 
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m TABLE A-9 
S BENTHIC MACROINVHRTEBRATES OBSERVED FROM THE UOP SITE STREAM CHANNELS © 

Organism A1 A3 B2 B3 B4 Cl C2 C3 DEI DE2 DE3 DWl DW2 DW3 

Balanus eburneus * ***** * * * 
Hydrobla mlnuta * * * * * * * 
Gastropod-unknown 1 * * * 
Gastropod-unknown 2 * 
My t HOPS Is leucophaeta * * * * * * * 

"f Bivalve-unknown 1 * 
-J Bivalve-unknown 2 * 

Shrimp species * * 
Nematode-unknown * * * 
Coleopteran-unknown * 

*indicates presence of specified organism 
DE 1-3 and DW 1-3 are controls 



TABLE A-10 
PRESENCE OF BENTHIC INVERTEBRATES: SITE-SPECIFIC 

REPLICATE PERCENTAGES*®* 

Site 
A £ £ £ 
(M (%) (%) <%) 

Balanus eburneus 50 0 100 83 
Hydrobia minuta 50 100 0 50 
Gastropod-unknown 1 0 0 0 50 
Gastropod unknown 2 0 0 0 17 
Mytilopsis leucopheata 0 33 100 50 
Bivalve-unknown 1 0 0 0 17 
Bivalve-unknown 2 0 0 0 17 
Shrimp species 0 0 33 17 
Nematode-unknown 50 33 0 0 
Coleopteran-unknown 0 33 0 0 

Replicates found of each organism are presented for 
four sites. 

A-18 
8938H 6020-006-270 



three study areas, C was the least negatively affected. Areas 
A and B were affected to a greater extent, with area A 
appearing to be slightly more stressed than B. 

The degree for which each area was stressed (decreased 
diversity and relative presence) was most likely a function of 
chromium and/or PCB toxicity. Sediment concentrations of these 
two toxins were highest in area A, intermediate in area B and 
lowest in area C. These general trends appear to indicate an 
inverse relationship between both species diversity and numbers 
and one or both of the toxins (PCBs, chromium). 

8937H 6020-006-270 
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APPENDIX B 
PRELIMINARY SURVEY DATA 

Appendix B contains data from a preliminary survey 
conducted in October of 1988 at the UOP Site in East 
Rutherford, New Jersey. The data contained in this appendix 
include a list of indicator organisms chosen for the site and 
measurements of trees and herbs found at the site during the 
preliminary survey. 

8940H 6020-006-266 
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TABLE B-l 
TREE MEASUREMENTS AT THE UOP SITE CONTROL AREA 

TOP LEFT TOP RIGHT BOTTOM LEFT BOTTOM RIGHT 

'01 NT Dfst. Height DBH Basal Area Dist. Height DBH Basal Area • Dist. Height DBH Basal Area Dist. Height DBH Basal Aret 
Specie (m) (m) (m) (cm) Specie <m) (m) <m) (cm) * 

* 
Specie (m) (m) (m) (cm) Specie (m) (m) (m) (cm) 

1 Cot 6.0 9.0 20.6 333.1 Cot 8.1 4.8 5.9 27.3 Cot 47.4 3.9 4.7 17.3 
2 Cot 11.4 6.9 9.6 72.3 Cot 4.5 9.0 6.9 37.4 TL1 8.7 9.0 20.6 333.1 TR1 4.8 4.8 5.9 27.3 
3 Cot 3.9 3.3 3.5 9.6 Cot 8.7 4.2 5.5 23.7 « Cot 9.6 7.8 9.5 70.8 Cot 6.6 9.0 14.1 156.1 
4 Cot 6.6 8.7 10.9 93.3 Mul 24.6 4.5 34.7 945.2 * Cot 4.8 9.3 14.0 153.9 Cot 12.0 3.3 3.5 9.6 
5 Cot 3.3 9.3 15.2 181.4 Ai I 27.6 4.8 17.7 245.9 Cot 3.9 3.0 3.3 8.5 TR4 25.2 4.5 34.7 945.2 
6 Cot 0.0 15.0 25.0 490.6 Mul 23.4 6.9 73.0 4183.3 * Cot 9.9 9.3 14.6 167.3 TR5 29.4 4.8 17.7 245.9 
7 Cot 7.8 9.6 31.7 788.8 * TL1 13.5 9.0 20.5 329.9 
8 Cot 3.6 8.4 15.7 193.5 Ail 11.1 2.1 1.6 2.0 TL7 3.9 9.6 25.7 518.5 
9 Cot 15.9 3.0 4.3 14.5 TR8 3.3 2.1 1.6 2.0 • Loc(w/t) 3.3 2.1 1.6 2.0 
10 Cot 11.1 2.4 2.0 3.1 Cot 5.4 1.5 0.6 0.3 * Loc 9.6 2.4 1.5 1.8 TR9 8.1 2.1 1.6 2.0 

m i 
to 



TABLE B-2 
TREE MEASUREMENTS AT THE UOP SITE STUDY AREA 

TOP LEFT TOP RIGHT BOTTOM LEFT BOTTOM RIGHT 

POINT Dist. Height DBH Basal Area * Dist. Height DBH Basal Area * Dist. Height DBH Basal Area Dist. Hei ght 0BH Basal Area * 
Specie (m) (m) (cm) (cm) * Specie 

» 
(m) <m) (cm) (cm) * 

* 
Specie (m) (m) (cm) (cm) Specie (m) (m) (cm) (cm) * 

1 Cot 9.3 3.6 5.7 25.8 * Cot 9.3 2.1 1.6 2.0 * Cot 13.8 1.2 
* 

* 
2 TL1 3.6 3.6 5.7 25.8 * Cot 8.1 3.6 5.6 24.4 * TR1 6.9 2.1 1.6 2.0 * 
3 Cot 38.7 5.4 7.6 45.9 * Cot 11.1 1.8 1.0 0.7 * Cot 3.6 3.6 3.7 10.5 TR2 6.3 3.6 5.6 24.4 * 
4 Cot 26.1 3.6 2.5 5.1 * Cot 12.0 7.5 8.0 49.8 * Cot 12.0 3.6 3.8 11.5 TR3 12.0 1.8 1.0 0.7 * 
5 TL4 16.5 3.6 2.5 5.1 * Ail 16.5 2.1 7.3 42.1 * BL4 21.3 3.6 3.8 11.5 TR4 117.3 7.5 8.0 49.8 • 
6 TL4 8.1 3.6 2.5 5.1 * TR5 9.9 2.1 7.3 42.1 * BL4 29.7 3.6 3.8 11.5 TR4 18.0 7.5 8.0 49.8 * 
7 Cot 3.0 9.0 14.6 168.5 * Cot 5.1 2.1 1.9 2.9 * TL6 2.1 3.6 2.5 5.1 TR6 11.1 2.1 7.3 42.1 * 
8 Cot 1.5 1.5 0.6 0.3 * Cot 6.0 2.4 2.9 6.4 * Ail 8.1 2.1 10.2 81.5 Cot 3.9 2.1 1.9 2.9 * 
9 Cot 15.3 5.4 5.1 20.4 * Cot 5.1 5.4 5.7 25.8 * Cot 6.3 1.5 0.3 0.1 Cot 4.5 2.4 4.8 17.9 * 
10 Cot 27.3 5.1 4.8 17.9 * Cot 33.6 7.5 7.3 42.1 * TL9 16.5 5.4 5.1 20.4 Cot 9.9 5.4 5.7 25.8 * 

a i CO 



t BLE I TABLE B-3 
HERB MEASUREMENTS AT THE UOP SITE 

UOP - transects #1-7 
0.394 

GO I 

* k • * HEIGHT HEIGHT * COVER COVER k * 
s. i  * SITE * INTER.# * SPECIE * (in) (cm) * (in) (cm) k REPRO. * 
1 * 1 * 1 * gra one * 10 * k 0 * 
I * 1 * 2 * gra six * 116 * k 1 * 
I * 1 * 3 * bar gro * * k * 
l * 1 * 4 •k amb art * 14 * k 0 * 
l * 1 * 5 k sol sem * 55 k k 1 * 
l k 1 * 6 k amb art * 33 k k 0 * 
l k 1 * 7 k amb art * 93 k k 1 * 
I k 1 * 8 k bar gro * k k * 
I k 1 * 9 k bar gro * k k * 
I * 1 * 10 k bar gro * k k k 
I k 1 * 11 k amb art * 115 k k 1 k 
l k 1 * 12 k bar gro * k k k 
l k 1 * 13 k bar gro * k k k 
I k 1 * 14 k bar gro * k k k 
I k 1 * 15 k bar gro * k k k 
I k 1 * 16 k amb art * 93 k k 1 k 
I k 1 * 17 k bar gro * k k k 
I k 1 * 18 k gra one * 47 k k 0 k 
I * 1 * 19 k gra one * 15 k k 1 k 
l * 1 * 20 k gra one * 20 k k 1 k 
I * 1 * 21 k bar gro * k k k 
I k 1 * 22 k gra one * 28 k k 1 k 
I k 1 * 23 k amb art * 16 k k 0 k 
I k 1 * 24 k amb art * 38 k k 0 k 
I k 1 * 25 k bar gro * k k 

0 
k 

2 k 1 * 1 k phr com * 110 k 30 k 0 k 
2 k 1 * 2 k phr com k 120 k 55 k 0 k 
2 k 1 * 3 k bar gro k k k k 



TABLE B-3 (Page 2 of 9) 
0.394 

UOP - transects #1-7 

* * * * HEIGHT HEIGHT 4c COVER COVER 4c 4c 

TRANS.# * SITE * INTER.# * SPECIE * (in) (cm) 4c (in) (cm) 4c REPRO. 4c 

2 * 1 * 4 * amb art * 5 4c 5 4c 0 * 
2 * 1 * 5 * amb art * 70 4c 12 4c 1 4c 

2 4c 1 * 6 * ast dum * 100 * 22 4; 1 4c 

2 * 1 * 7 * amb art * 70 4c 10 4c 1 * 
2 * 1 * 8 * amb art * 25 * 11 4c 0 4c 

2 * 1 * 9 * amb art * 90 * 16 4c 1 4c 

2 * 1 * 10 * amb art * 58 4c 5 4c 0 4c 

2 * 1 * 11 * bar gro * * 4c * 
2 * 1 * 12 * bar gro * 4c 4c * 
2 * 1 * 13 * amb art * 115 * 12 4c 1 4c 

2 * 1 * 14 * bar gro * 4: 4c 4c 

2 * 1 * 15 * amb art * 82 * 12 * 1 * 
2 * 1 * 16 * amb art * 10 4c 5 4c 0 * 
2 * 1 * 17 * amb art * 65 4c 7 4c 0 4c 

2 * 1 * 18 * bar gro * 4c 4c * 
2 * 1 * 19 * art sp * 8 * 8 4c 0 4c 

2 * 1 * 20 * ast dum * 40 4c 30 4c 1 4c 

2 * 1 * 21 4c bar gro * 4r 4c 4c 

2 * 1 * 22 4c gra two * 25 4c 7 4c 1 4c 

2 * 1 * 23 4c gra two * 1 4c 17 * 0 4c 
2 * 1 * 24 * gra thr * 2 * 40 4c 1 4c 

2 * 1 * 25 * gra thr 4c 2 * 27 4c 0 4c 

3 * 1 * 1 * amb art * 15 * 6 4c 0 4c 

3 * 1 * 2 * gra two 4r 24 * 5 4c 1 4c 

3 * 1 * 3 * gra two 4c 19 4c 6 * 1 4; 
3 * 1 * 4 * gra two 4c 22 4c 11 * 1 * 
3 * 1 * 5 * gra two 4c 25 * 50 * 1 * 
3 * 1 * 6 * gra two 4c 35 * 35 * 1 4c 



TABLE B-3 (Page 3 of 9) 
0.394 

UOP - transects #1-7 

* * * * HEIGHT HEIGHT * COVER COVER * * 
TRANS.# * SITE * INTER.# * SPECIE * (in) (cm) * (in) (cm) * REPRO. * 

3 * 1 * 7 * gra two * 25 * 30 * 1 * 
3 * 1 * 8 * ast dum * 24 * 11 * 1 * 
3 * 1 * 9 * bar gro * * * * 
3 * 1 * 10 * bar gro * * * * 
3 * 1 * 11 * bar gro * * * * 
3 * 1 * 12 * bar gro * * * * 
3 * 1 * 13 * amb art * 52 * 12 * 0 * 
3 * 1 * 14 * bar gro * * * * 
3 * 1 * 15 * gra two * 15 * 32 * 1 * 
3 * 1 * 16 * gra two * 10 * 14 * 1 * 
3 * 1 * 17 * bar gro * * * * 
3 * 1 * 18 * moss * * * * 
3 * 1 * 19 * bar gro * * * * 
3 * 1 * 20 * gra fou * 20 * 10 * 1 * 
3 * 1 * 21 * ast dum * 70 * 32 * 1 * 
3 * 1 * 22 *. ast dum * 42 * 11 * 1 * 
3 * 1 * 23 * ast dum * 40 * 13 * 1 * 
3 * 1 * 24 * eup ser * 58 * 16 * 0 * 
3 * 1 * 25 * ast dum * 42 * 38 * 1 * 
4 * 1 * 1 * sol rug * 70 * 14 * 1 * 
4 * 1 * 2 * amb art * 8 * 4 * 0 * 
4 * 1 * 3 * amb art * 23 * 4 * 0 * 
4 * 1 * 4 * sol sem * 77 * 20 * 1 * 
4 * 1 * 5 * amb art * 33 * 7 * 0 * 
4 * 1 * 6 * amb art * 22 * 6 * 0 * 
4 * 1 * 7 * amb art * 15 * 9 * 0 * 
4 * 1 * 8 * bar gro * * * * 
4 * 1 * 9 * bar gro * * * * 



TABLE B-3 (Page 4 of 9) 
0.394 

UOP - transects #1-7 

* ft * * HEIGHT HEIGHT ft COVER COVER ft ft 
TRANS.# * SITE * INTER.# ft SPECIE * (in) (cm) ft (in) (cm) * REPRO. ft 

4 ft 1 * 10 ft gra fiv * 15 * 3 ft 0 ft 
4 ft 1 * 11 ft gra fiv * 1 ft 0 * 0 ft 
4 ft 1 * 12 ft bar gro * * * ft 
4 ft 1 * 13 ft bar gro * ft * ft 
4 * 1 * 14 ft gra fiv * 25 ft 7 ft 1 ft 
4 ft 1 * 15 ft gra fiv 7 * 4 * 0 ft 
4 * 1 * 16 * sol sem ft 24 * 18 ft 0 ft 
4 ft 1 * 17 ft gra six * 59 ft 45 ft 0 ft 
4 * 1 * 18 * sol Sem * 16 ft 13 ft 0 ft 
4 ft 1 * 19 * gra fiv * 7 ft 2 ft 0 ft 
4 * 1 * 20 ft gra fiv * 20 ft 5 * 0 ft 
4 * 1 * 21 * amb art * 29 ft 10 ft 0 ft 
4 * 1 * 22 ft moss * ft * ft 
4 * 1 * 23 ft amb art * 12 ft 5 ft 1 ft 
4 * 1 * 24 * amb art * 21 ft 7 ft 0 ft 
4 * 1 * 25 ft gra fiv * 2 ft 5 ft 0 ft 
5 ft 1 * 1 ft gra sev * 20 ft 10 ft 1 ft 
5 * 1 * 2 * bar gro * ft * ft 
5 * 1 * 3 ft plu pur 60 ft 13 * 1 ft 
5 * 1 * 4 * sol sem * 120 * 13 * 1 ft 
5 * 1 * 5 ft phr com * 150 ft 35 ft 1 ft 
5 ft 1 * 6 ft phr com ft 110 ft 50 ft 0 ft 
5 * 1 * 7 ft phr com * 140 ft 30 * 0 ft 
5 ft 1 * 8 ft phr com ft 94 * 20 * 0 ft 
5 ft 1 * 9 * bar gro * * * ft 
5 * 1 * 10 * bar gro * ft * ft 
5 * 1 * 11 ft eup ser * 100 ft 16 * 1 ft 
5 * 1 * 12 ft bar gro • * * ft 



TABLE B-3 (Page 

UOP - transects #1 - 7 

* * * ft HEIGH1 
TRANS.# * SITE * INTER. # * SPECIE * (in) 

5 * 1 * 13 * phr com 
5 * 1 * 14 * bar gro * 
5 * 1 * 15 * amb art * 
5 * 1 * 16 * phr com ft 
5 * l * 17 * sol sem ft 
5 * 1 * 18 * bar gro ft 
5 * 1 * 19 * bar gro * 
5 * 1 * 20 * eup ser * 
5 * 1 * 21 * phr com ft 
5 * 1 * 22 * phr com * 
5 * 1 • 23 * eup ser * 
5 * 1 * 24 * bar gro * 
5 * 1 * 25 ft bar gro ft 
6 * 2 * 1 ft sol sem * 26 
6 * 2 * 2 ft amb art ft 17 
6 * 2 * 3 * amb art * 9 
6 * 2 * 4 * amb art 21 
6 * 2 * 5 ft amb art * 13 
6 * 2 * 6 ft amb art ft 16 
6 * 2 * 7 ft amb art * 23 
6 * 2 * 8 * amb art ft 10 
6 * 2 * 9 ft amb art « 12 
6 * 2 * 10 ft amb art ft 10 
6 * 2 ft 11 * bar gro * 
6 * 2 * 12 * bar gro ft 
6 * 2 * 13 ft bar gro ft 
6 * 2 * 14 ft bar gro :k 
6 * 2 * 15 ft bar gro * 

5 O f  9) 
0.394 

HEIGHT ft COVER COVER ft ft 
(cm) * (in) (cm) * REPRO. ft 

80 * 116 * 0 ft 
* * ft 

70 ft 12 ft 0 ft 
125 ft 40 ft 0 ft 
42 ft 10 ft 0 ft 

ft * ft 
ft * ft 

90 * 13 * 1 ft 
180 * 27 * 1 ft 
160 * 25 ft 0 ft 
75 ft 15 ft 1 ft 

ft ft ft 
ft ft ft 

66 ft 7 18 * 1 ft 
43 ft 5 13 ft 0 ft 
23 ft 4 10 ft 0 ft 
53 ft 6 15 ft 0 ft 
33 ft 5 13 ft 0 ft 
41 * 6 15 ft 0 ft 
58 * 5 13 * 1 ft 
25 ft 4 10 ft 0 ft 
30 ft 4 10 ft 0 ft 
25 * 3 8 ft 0 ft 
0 ft 0 ft ft 
0 ft 0 ft ft 
0 ft 0 * ft 
0 ft 0 * ft 
0 * 0 ft ft 



TABLE B-3 (Page 6 of 9) 
0.394 

UOP - transects #1-7 

* * * HEIGHT HEIGHT * COVER COVER A A 
TRANS.# A SITE * INTER.# * SPECIE A (in) (cm) * (in) (cm) A REPRO. A 

6 * 2 A 16 A amb art * 18 46 * 5 13 A 0 A 
6 * 2 A 17 A amb art A 39 99 * 4 10 A 1 A 
6 * 2 A 18 * bar gro * 0 * 0 A A 
6 * 2 A 19 * amb art * 13 33 * 4 10 A 0 A 
6 * 2 * 20 A amb art * 15 38 A 3 8 A 0 A 
6 * 2 A 21 A gra A * 7 18 * 9 23 A 0 A 
6 * 2 * 22 * amb art • 32 81 A 4 10 A 1 A 
6 * 2 A 23 * amb art * 8 20 A 4 10 A 0 A 
6 * 2 * 24 A amb art * 19 48 A 4 10 A 0 A 
6 * 2 * 25 * amb art * 28 71 A 6 15 A 1 A 
6 * 2 A 26 A amb art * 17 43 A 5 13 A 0 A 
6 * 2 A 27 A bar gro * 0 A 0 A A 
6 * 2 * 28 * bar gro * 0 A 0 A A 
7 * 2 * 1 A phr com * 78 198 A 10 25 A 1 A 
7 * 2 * 2 * gra B * 10 25 A 5 13 A 0 A 
7 * 2 * 3 A ach mil * 25 63 A 8 20 A 1 A 
7 * 2 * 4 * gra B * 11 28 A 6 15 A 0 A 
7 * 2 * 5 A gra B A 12 30 A 6 15 A 0 A 
7 * 2 * 6 * gra B A 12 30 A 6 15 A 0 A 
7 * 2 * 7 A gra B * 11 28 A 6 15 A 0 A 
7 * 2 * 8 * gra B * 11 28 A 5 13 A 0 A 
7 * 2 * 9 A sol sem * 33 84 A 6 15 A 0 A 
7 * 2 * 10 A gra B * 11 28 A 5 13 A 0 A 
7 * 2 * 11 A amb art * 37 94 A 16 41 A 1 A 
7 * 2 * 12 A gra A * 9 23 A 5 13 A 0 A 
7 * 2 * 13 * sol sem * 35 89 A 6 15 A 1 A 
7 * 2 * 14 A sol sem * 50 127 A 6 15 A 1 A 
7 * 2 * 15 * gra A * 10 25 A 5 13 A 0 A 



UOP - transects #1-7 

* * 
5.# * SITE * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
7 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 
8 * 2 * 

* 
# * SPECIE 
* bar gro 
* ast dum 
* phr com 
* amb art 
* amb art 
* amb art 
* phr com 
* bar gro 
* pop del 
* phr com 
* phr com 
* phr com 
* phr com 
* sol sem 
* amb art 
* set sp 
* amb art 
* gra C 
* gra C 
* bar gro 
* ast dum 
* gra C 
* ast dum 
* mel alb 
* bar gro 
* ast dum 
* phr com 
* bar gro 

INTER. 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

LE B-3 (Page 7 of 9) 
0.394 

* HEIGHT HEIGHT * COVER COVER * * 
* (in) (cm) * (in) (cm) * REPRO. * 
* 0 * 0 * * 
* 9 23 * 6 15 * 1 * 
* 72 183 * 16 41 * 1 * 
* 20 51 * 5 13 * 0 * 
* 26 66 * 8 20 * 1 * 
* 27 69 * 12 30 * 1 * 
* 42 107 * 6 15 * 0 * 
* 0 * 0 * * 
* 0 * 0 * * 
* 51 129 * 8 20 * 1 * 
* 44 112 * 6 15 * 0 * 
* 68 173 * 8 20 * 1 * 
* 59 150 * 6 15 * 0 * 
* 34 86 * 5 13 * 1 * * 16 41 * 4 10 * 0 * 
* 21 53 * 13 33 * 1 * 
* 28 71 * 6 15 * 1 * 
* 10 25 * 8 20 * 1 * 
* 15 38 * 11 28 * 1 * * 0 * 0 * * 
* 26 66 * 14 36 * 1 * * 12 30 * 9 23 * 1 * 
* 23 58 * 15 38 * 1 * * 18 46 * 8 20 * 0 * 
* 0 * 0 * * 
* 16 41 * 6 15 * 1 * 
* 51 129 * 5 13 * 1 * * 0 * 0 * * 



TABLE B-3 (Page 8 of 9) 
0.394 

UOP - transects #1-7 

* * A A HEIGHT HEIGHT A COVER COVER A A 
TRANS.# * SITE * INTER.# A SPECIE A (in) (cm) A (in) (cm) A REPRO. A 

8 * 2 * 16 * bar gro A 0 A 0 A A 
8 * 2 A 17 * bar gro A 0 A 0 A A 
8 * 2 A 18 * ast dum * 17 43 A 13 33 A 1 A 
8 * 2 A 19 * phr com * 38 96 A 6 15 A 0 A 
8 * 2 * 20 * phr com * 69 175 A 11 28 A 1 A 
8 * 2 A 21 * phr com * 56 142 A 10 25 A 1 A 
8 * 2 * 22 A ast dum * 18 46 A 6 15 A 1 A 
8 * 2 A 23 A ast dum * 22 56 A 9 23 A 1 A 
8 * 2 A 24 A ast dum * 20 51 A 10 25 A 1 A 
8 * 2 A 25 * ast dum * 23 58 A 12 30 A 1 A 
8 * 2 A 26 * ast dum * 29 74 A 13 33 A 1 A 
9 * 2 A 1 A sol sem A 26 66 A 8 20 A 1 A 
9 * 2 * 2 * amb art A 16 41 A 5 13 A 0 A 
9 * 2 * 3 * amb art A 12 30 A 4 10 A 0 A 
9 * 2 A 4 A bar gro A 0 A 0 A A 
9 * 2 A 5 A ast dum A 12 30 A 7 18 A 1 A 
9 * 2 A 6 A sol sem A 39 99 A 8 20 A 1 A 
9 * 2 A 7 A amb art A 31 79 A 5 13 A 1 A 
9 * 2 A 8 A bar gro A 0 A 0 A A 
9 * 2 A 9 * bar .gro A 0 A 0 A A 
9 * 2 A 10 * amb art A 26 66 A 5 13 A 1 A 
9 * 2 * 11 A amb art A 15 38 A 4 10 A 0 A 
9 A 2 A 12 A bar gro A 0 A 0 A A 
9 * 2 A 13 A ast dum A 8 20 A 7 18 A 1 A 
9 * 2 A 14 A sol sem A 31 79 A 15 38 A 1 A 
9 * 2 * 15 A sol sem A 37 94 A 12 30 A 1 A 
9 * 2 * 16 A amb art A 27 69 A 6 15 A 1 A 
9 A 2 * 17 A amb art A 33 84 A 6 15 A 1 A 



TABLE B-3 (Page 9 of 9) 
0.394 

UOP - transects #1-7 

* * * * HEIGHT HEIGHT * COVER COVER * * 
TRANS.# * SITE * INTER.# * SPECIE * (in) (cm) * (in) (cm) * REPRO. * 

9 * 2 * 18 * eup ser * 21 53 * 11 28 * 1 * 
9 * 2 * 19 * amb art * 16 41 * 4 10 * 0 * 
9 * 2 * 20 * bar gro * 0 * 0 * * 
9 * 2 * 21 * bar gro * 0 * 0 * * 
9 * 2 * 22 * amb art * 27 69 * 6 15 * 1 * 
9 * 2 * 23 * cen sp * 17 43 * 4 10 * 1 * 
9 * 2 * 24 * cen sp * 14 36 * 5 13 * 1 * 
9 * 2 * 25 * amb art * 42 107 * 5 13 * 1 * 9 * 2 * 26 * amb art * 47 119 * 7 18 * 1 * * * * * * 

* * * * * 
* * * * * 
* * * * * 
* * * * * 
* * * * * 
* * * * * 
* * * * * 
* * * * * 
* * * * * 



APPENDIX C 
FOCUSED ENVIRONMENTAL ASSESSMENT 



APPENDIX C 
FOCUSED ENVIRONMENTAL ASSESSMENT 

C.l Introduction 

Based upon the recommendation of the NJDEP, Fundulus 
heteroclitus was chosen as an indicator species for a site 
specific study of uptake of contaminants. Body burdens of Hg, 
Cr, and PCBs were measured in F. Heteroclitus collected at 
sites in which contaminant levels in the underlying sediments 
were also measured. In addition, fish were trapped during the 
Preliminary Site Visit and marked. Fish caught during the 
Focused Environmental Site visit were inspected for markings 
for use in a mark-recapture study. Finally the fish in each 
sample were measured (for length) and weighed to determine 
their condition factors. The raw data for the various physical 
and chemical analyses are contained in Appendix D. 

C.2 Methods 

C.2.1 Fundulus Population Survey (10/6/88 - 10/7/88) 

Fundulvs spp. were collected as part of a mark-recapture 
study during the preliminary site assessment in order to 
estimate the population size and range. Fundulus from each of 
the three study areas (A, B, and C, Figure A-l) described in 
the work plan (Section 3.2) were collected on 6 October, 1988 
using minnow traps baited with cat food and bread. Fish from 
each area were tagged by fin clipping and returned to the 
sample area from which they were captured. Fish from each of 
the study areas were tagged as follows: Site A - left pectoral 
fin; Site B - right pectoral fin; Site C - caudal fin. The 
site-specific tagging of the fish was used to estimate the 
homerange of Fundulus in this tidal environment. The total 
number of fish tagged in the pre-census sampling effort was 
1,448 (Site A = 520, Site B =336, Site C = 592). 
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The recapture sampling effort of November 1988 yielded 
data on the total number of fish collected, number of tagged 
fish collected and the tag location (left pectoral, right 
pectoral or caudal fin) length and weight. Formulae for 
estimating a population size for Fundulus spp. are: 

S.E. = N* (N-T) (N-n) 
Tn(N-l) 

where N = population estimate, T • number of fish marked in 
precensus, t - number of marked fish in recapture, n - total 
number of fish trapped in recapture, and S.E. » standard error 
(Smith, 1980). This method assumes that there is a homogeneous 
distribution and a closed population. 

C.2.2 Focused Environmental Assessment - Sample 
Collection (11/3/88 - 11/4/88) 

In order to complete the mark-recapture study for 
population estimates and to measure PCB concentrations in the 
sediments and fish tissues, a second sampling effort was 
required. Two minnow traps per site (A, B, C and D) were 
baited with bread and cat food at each of the twelve locations 
designated by the workplan (sample locations - Section 3.2). 
The traps were set at low tide and left for most of one tidal 
cycle (approximately 8 hours). The captured fish were kept in 
separate buckets by duplicate and site. Each of these buckets 
was filled with tap water which was held for greater than 
12 hours prior to holding fish to vaporize the chlorine and 
prefitted with suspended 1/4" wire mesh for the purpose of 
facilitating gut clearance. The mesh barrier isolated the fish 
from sediments, detritus and feces. Gut clearance was allowed 
to take place for the majority of the samples for 18 to 
22 hours. The samples from one test area (D) were held for 
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27 hours. (For the remainder of the discussion these 
duplicates and sites will be referred to as: Aa, Ab, Ac, Ba, 
Bb, Be, Ca, Cb, Cc, Da, Db, Dc.) One fish sample (Be) was 
split in order to create a duplicate sample (Ea) for quality 
assurance purposes in the laboratory analysis. After gut 
clearance, fish were sorted into two size classes (large/small) 
determined by visual inspection. A best attempt was made to 
isolate F. heteroclitus from the fish samples. However, rapid 
identification of mummichogs is difficult under field 
conditions due to their small size. Approximately 250 grams of 
fish from each size class were stored on ice for transport to 
the lab for determination of tissue concentrations of mercury, 
chromium, and PCBs. All fish were weighed to the nearest tenth 
of a gram with a pesola scale and their length was measured to 
the nearest millimeter. 

The measurements were used to calculate Fulton's condition 
factor (K): 

_ W » 105 

K" L3 

where W is the weight of the fish in grams and L is the length 
of the fish in millimeters (Carlander, 1977). This condition 
coefficient is a measure of the well-being of a fish 
(Carlander, 1977) and can also be used to standardize fish data. 

To determine the weight of the mummichog, we used a pesola 
scale. Given the inherent precision of the scale, and in view 
of the difficulty measuring the weights of thousands of fish 
rapidly in the field, we believe the weights reported in Table 
D-5 and within ±10 percent of the reported value. Similarly, 
we believe the lengths, measured rapidly in the field, are 
within ±10 percent. Thus, using the standard error propagation 
formulae, we believe that the overall precision of the 
condition factor (K) is ±40 percent. Because the condition 
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factors are not used to buttress any arguments or conclusions 
in the risk assessment# the overall statistics of K will have 
no impact on the conclusions of this assessment. 

All fish were examined for fin clips. Those fish not 
collected for lab analyses from each of the sites were checked 
for fin clips. Some of these fish were subsequently returned 
to the stream channels. Measurements of fish in all samples 
could not be completed on site because of the short daylength. 
Those fish were preserved with alcohol and transported to the 
lab, where they were examined for fin clips. 

Sediment samples were collected at each of the 12 sites 
where fish were collected and stored on ice for transport to 
the lab. See the work plan (Section 3.1) for a detailed 
description of sediment sampling techniques and decontamination 
procedures of sediment sampling materials. 

The fish and sediment samples were delivered to Cambridge 
Analytical Associates for analysis of the following parameters: 

Fish - Analytical Parameters 

® composite mercury concentration 
® composite chromium concentration 
® composite PCB concentration (Aroclor 1248) 
® composite lipid content 
® composite dry weight 

Sediment - Analytical Parameters 

• mercury concentration 
• chromium concentration 
® PCB concentration (Aroclor 1248) 
• pH 
® grain size distribution 
• total organic carbon 
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(Note: The analytical laboratory was responsible for observing 
the required extraction and analytical holding time specified 
in the current CLP statement of work.) 

Samples collected for the purpose of quality assurance 
(replicates and duplicates) were indistinguishable from the 
other samples sent to the analytical lab. Additional details 
concerning analytical protocols are described in the work plan 
(Appendix A). In addition, the laboratory methodologies 
employed by Cambridge Analytical Associates are described in 
the reports submitted to ENSR (Cambridge Analytical Associates, 
1989a, 1988b, 1988c, 1988d). 

C.3 Results 

C.3.1 Fish Population Estimates 

Fish recapture rates were calculated from the data in 
Tables C-l and C-2 and were used to derive population 
estimates. A population estimate (N) of 57,246 with a 95 
percent confidence interval of 41,256 to 71,788 was determined 
for the Funflulus at the UOP site (composite of areas A, B and 
C) using the methods of Smith (1980). 

C.3.2 Fish Homerange 

The fin clip information recorded in the mark-recapture 
study was used to estimate potential home ranges for the 
Funduius located at the UOP site. Homerange as defined by 
Smith (1980) is the area over which an animal ranges throughout 
the year. Defining this range will make possible an estimation 
of how much time the fish might spend on site. Determination 
of exposure time will facilitate assigning body burden 
concentrations attributable to the toxins at the UOP site. 

Data analysis suggests a small homerange for Fundulns Spp. 
at this site in the autumn because of a high number of 
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TABLE C-l 
UOP: MARK-RECAPTURE STUDY 

PHASE II (RECAPTURE) 11/4-7/88 

Fish with Total Fish 
Site ' Clips ih Sample 

Aa 6 83 
Ab 1 254 
Ac 13 251 

Ba 5 118 
Bb 8 169 
Be 5 277 
Ea* 3 61 

Ca 6 280 
Cb 3 420 
Cc 8 380 

Da 17 499 
Db 9 477 
Dc _5 357 

Total 89 3626 

1448 fish were marked in Phase I (precensus) 

^Duplicate of Be 
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TABLE C-2 
UOP: MARK-RECAPTURE STUDY 

Site 

Number Recapture 
Marked Qn-gjte 

Recapture 
Off-Site 

Breakdown of 
Recaptures by 
Site Origin 

520 17 3A 
2B 

15C 

B 336 19 1A 
2B 

18C 

592 13 4B 

D O -  3 1  2 A  
4B 
25C 

Total 1448 
Marked 
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recaptured fish in the mark-recapture study. This homerange 
did, however, include all of the test subsites and the 
reference area. The exact homerange of Fundulus on the UOP 
site is unknown. However, it was demonstrated that more than 
two dozen mummichogs ranged over 1,000 meters to the reference 
site across Berry's Creek, depending on the individual fish and 
on the tidal hydraulics of the channels and Berry's Creek. The 
field experiments show that mummichogs move with the tides. 
Further, in careful observations, no mummichogs were seen to 
burrow into the sediment on the falling tide. 

C.3.3 Fish Condition Factors 

Condition factors of fish were analyzed by site and size 
class (Table C-3). The condition factors for the larger size 
class are slightly higher than those of the small size class, 
indicating that they are slightly heavier for their length than 
the small fish. 

Body burdens of all three contaminants in fish by site are 
depicted in Figures C-l and C-2. PCBs comprise the largest 
body burden of the three contaminants. There was appreciable 
variation in PCB body burdens within a site (Figures C-3 and 
C-4). 

The data graphed in Figures C-l through C-4 is presented 
in Tables D-l and D-2 of Appendix D. 

C.3.4 Sediments 

Sediment concentrations of the contaminants (Figures C-5 
to C-7) showed a high degree of within-site variability 
(Figures C-8 to C-ll). Sediment concentrations of PCBs and 
chromium were highest on the site, while mercury concentrations 
were highest in the reference area (samples Da - Dc). 

Comparisons of fish to sediment concentrations for each 
size class (Figures C-12 to C-17) indicated a poor relationship 
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TABLE C-3 
CONDITIO? FACTORS (K) FOR FUNDULUS SPP. 

BY SITE 

Site Size Average 
Class K 

A Small 1.2 
B Small 1.3 
C Small 1.4 
D Small 1.2 

A Large 1.5 
B Large 1.6 
C Large 1.6 
D Large 1.5 

Note: Data from sample Ea (Large and Small) is 
included in sample B 
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Indicator Chemicals in Small Fish 
UOP Site 

PCB 
Chromium 
Msrcury 

Sample Site 

Figure C-1 
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Indicator Chemicals in Large Fish 
UOP Site 

PCS 
Chromium 
Mercury 

Sample SKe 

Figure C-2 
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Indicator Chemicals in Small Fish 
UOP Site 
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Figure C-3 
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Indicator Chemicals in Large Fish 
UOP Site 

Aa Ab Ac Be Ca Cb Cc Da Db Dc 

PCB 
Chromium 
Mercury 

Sample Site 

Figure C-4 
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PCB in Sediment 
UOP Site 

PCB 

B C 
Sample SKe 

Figure C-5 
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Total Chromium in Sediment 

Figure C-6 
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Total Mercury in Sediment 
UOP Site 

B C 
Sample Site 

• Tot Mercury 

Figure C-7 
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PCB in Sediment 
UOP Site 
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Rgure C-8 
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Total Chromium in Sediment 
UOP Site 

A a A b A c B a E & B c C a C b C c D a D b D c  
Sample Site 

• Tot Cr/200 

Figure C-9 
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Total Mercury in Sediment 
UOP Site 
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Figure C-11 
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PCB in Sediments and Small Pish 
UOP Site 
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Figure C-12 
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Chromium in Sediments and Small Fish 
UOP Site 
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Figure C-13 
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Mercury in Sediments and Smali Fish 
OOP Site 
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PCB in Sediments and Large Fish 
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Chromium in Sediments and Large Fish 
UOP Site 
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Mercury in Sediments and Large Fish 
UOP Site 

4 

3 

2 

1 

200 
Hg In Seel 

Figure C-17 

C-26 



between the two for mercury and chromium, but a positive 
relationship for PCBs, especially in small fish (Figure C-12). 

Grain size distribution results are shown in Figures D-l 
through D-13. These graphs indicate that the majority of the 
sediment falls in the fine sand (0.1 to 0.5mm diameter) and, 
silt and clay (<0.1mm diameter) size classifications. 

The data graphed in Figures C-5 through C-ll is presented 
in Table D-6 of Appendix D. The data graphed in Figures C-12 
through C-17 and C-20 through C-22 is a compilation of the data 
presented in Tables D-l, D-2 and D-6 of Appendix D. 

C.4 Discussion 

The data from the mark-recapture study reveal movement 
patterns of Fundulus spp. similar to those reported at other 
sites by Field (1960), Butner and Brattstrom (1960), Darnell 
(1964) and Jeffries (1972). Fundulus spp. make use of the 
flood tide, moving from the main channel (Berry's Creek) into 
previously inaccessible drainage channels presumably to feed 
upon fauna and detritus. During the highest tide levels, 
Fundulus spp. have been observed to infiltrate marsh surface 
(Field, 1960; Darnell, 1964; Jeffries, 1972; Valiela et al., 
1977). Butner and Brattstrom (1960) observed that upon the ebb 
of the tide, Fundulus would evacuate the channels and or marsh 
surface, returning to a narrow range in the main channel. 

The recapture rate indicates a homerange of 3500 m. The 
overwintering burying behavior of Fundulus in soft sediments 
(Fritz et al., 1975) was not observed during the collection 
periods. 

Fritz et al. (1975) determined a summer homerange of 36 m 
for FunflHlliS heteroclitus in a tidal creek in Delaware. This 
homerange is significantly smaller than that which we found at 
the UOP site. This could be due to polytypic behaviors 
stemming from temperature or seasonal cues or to varying 
definitions of the term homerange. The homerange indicated in 
Lotrich's study may refer to the narrow range in the main 
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channel to which the fish return at low tide, while in this 
study it refers to the longest distance traveled by individaul 
fish: site Aa to the reference area D (Walden Swamp). 

The possibility exists that seasonal ranges may expand and 
decrease depending upon external cues. Seasonal migrations of 
Fundulus spp. have been observed to occur. Fritz et al. (1975) 
hypothesized photoperiod (prime initiator) and temperature 
(reinforcer) to be the cues initiating the move. Figure C-18 
presents general trends in the seasonal migrations of Fundulus 
spp. as reported in the literature. 

Meredith (1974) reported Fundulus populations in saline 
waters from late spring to early September. With the onset of 
autumn, both studies reported migration of fish from this area; 
Meredith (1974) determined that the fish move towards lower 
salinity waters while Lotrich (in press) only reported that the 
fish moved off station. Local data on salinity (Table C-4 and 
Figure C-19) indicate that there may be a slight salinity 
gradient within the UOP site (HMDC, 1986) which could be 
influencing movement patterns. 

Studies performed during the fall and winter recorded 
various and contradictory migratory patterns. Childster (1920) 
reported that Fundulus spp. migrate to more saline waters in 
order to overwinter. Smith (1971) reported a migration to less 
saline waters. This discrepancy could be explained by a study 
performed by Fritz et al. (1975). It was proposed that these 
fish are polytypic in their migratory behavior. Fritz et al. 
(1975) observed that fish inhabiting low salinity waters 
(1-21%) during the summer migrated towards even lower salinity 
waters while those fish inhabiting higher salinity waters 
(17-29%) were reported to remain stationary throughout the year. 

There was little information available on the condition 
factors of Fundulus at unrelated sites. Weis et al. (1986) at 
another site of similar pH and salinity reported slightly 
higher condition factors for Fundulus heteroclitus. The range 
of condition factors (K) which they reported were from 
approximately 1.85 to 2.0. The fish at the UOP site ranged 
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TABLE C-4 
HACKENSACK MEADOWLANDS SUMMER WATER QUALITY PROJECT 

FOUR YEAR SUMMARY 1983 - 1986 

Salinitv (PPt) 
Station 1983 1984 1985 1985 

Station 7 Min 2.3 0.0 4.2 2.5 
Berry's Creek Lower Max 10.5 8.0 9 12.0 
(BCL) High Avg 4.9 1.9 5.4 9.1 

Low Avg 3.7 1.6 5.6 4.7 
Tot Avg 4.2 2.9 5.5 6.4 
Count 18 17 17 13 

Station 8 Min 0.8 0.0 2 2.0 
Berry's Creek Middle Max 7.0 5.0 20 10.0 
(BCM) High Avg 4.9 1.9 5.4 9.1 

Low Avg 3.7 1.6 5.6 4.7 
Tot Avg 4.2 2.9 5.5 6.4 
Count 18 17 17 13 

Station 9 Min 0.5 0.0 0.0 1.0 
Berry's Creek Upper Max 5.2 3.5 7 8.0 
(BCU) High Avg 3.0 1.2 2.5 6.2 

Low Avg 1.2 0.7 2.9 2.8 
Tot Avg 2.3 0.87 2.7 4.1 
Count 18 17 17 13 

8928H 6020-006-270 C-29 



SEPT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEPT 

*  > ) ) ) ) )  

• ( ( (.— 
• < <  <  <  <  <  
1% 10% 20% 30% 

POLYTYPIC BEHAVIOR 

< ? > 
LOW SALINITY 

REFERENCE 

Chidster, 1920 

Smith, 1971 

Fritz etaL, 1975 

Meredith, 1974 

Lotrich, in press 

HIGH 

^ Indicate direction of movement (i.e. towards greater or lesser salinity) during autumn and late spring 

<*> 
Indicates no significant movement 

Indicates specimen moved off station. Destination unknown 

0 Indicates endpoint of observation period 

For a majority of each season (winter/summer) Fundulus spp. have a very limited homerange. The summer homerange 
determined by Lotrich (1974) was 36m. Between seasons, Fundulus appear to migrate. Frite (1975) observed migration of up to 2 km. 

Figure C-18 SEASONAL MIGRATION OF FUNDULUS spp 



ckensack Meadowlands Development Commission Water Quality Project Key Map 
Data Collected during the summers 1983-1986 

Station 7- Berrys Creek at Route 3 Bridge - Figure C-19 
Station 8 - Berrys Creek at Paterson Plank Road 
Station 9 - Berrys Creek at Starke Road 
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from approximately 1.2 (small size class) to 1.6 (large size 
class). Condition factors for Fundulus were also reported from 
a relatively pristine lake in New Hampshire (Lutz, 1989). 
These Fundulus (species unknown) were reported to have 
extremely low background levels of contaminants and were used 
as the control organisms for another Berry's Creek Fundulus 
study (Lutz, 1989). The average K value for these New 
Hampshire fish was 1.2, which is lower than the averages 
determined in this study. One would expect that a fish from an 
uncontaminated site would have a high K value as a function of 
the "cleaner environment"; unless the individuals at the UOP 
site are not affected by the contaminants. Other possible 
explanations for the lower K value of these New Hampshire fish 
could be a lack of food in their environment or sensitivity to 
low pH (Weis et al., 1986) or a difference in species. 
Weisberg and Lotrich (1982) found that food availability and 
not crowding governed growth in the mummichog Fundulus 
heteroclitus. 

Sediment concentrations of PCBs and chromium are highest 
at the most instream portion of the study site and lowest in 
the reference area. This sort of gradient is not evident for 
mercury concentrations. There appears to be a nearly uniform 
distribution of mercury in on-site and off-site areas. It is 
important to note that there is substantial within site 
variation in sediment concentrations of mercury, chromium, and 
PCBs indicating that exposure concentrations are not uniform 
within the stream channels. 

Log(10) transformed sediment and fish concentrations 
from the same locations are not strongly correlated with the 
exception of PCB concentrations in small fish (Figures C-20 to 
C-22) . The data concerning PCB body burdens indicate that 
small fish accumulate higher PCB levels than larger fish when 
compared on a body weight basis. This may be due to a 
difference in the ability of large and small fish to metabolize 
or excrete PCBs. A second possibility exists that large fish, 
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due to their high lipid content, rapidly accumulate a burden of 
PCBs which leads to death. If so, the only large fish which do 
survive are those which have not yet accumulated high body 
burdens. The influence of other physiological parameters, for 
which data were not available, may explain this 
size-class/concentration relationship. 

Comparing fish body burdens to channel sediment 
concentrations, the large fish were found to have similar PCB 
tissue concentrations, regardless of sampling site sediment 
concentrations. In small fish, however, body burden appeared 
to depend on sediment concentration. Explanations for this 
difference include the possibilities that large and small fish 
distinctions may reflect species and/or sex differences. 
Different sexes and species may have different physiological 
processes such as metabolic rate and ability to biotransform 
and excrete PCBs. 

As there are so many unknowns which come into play when 
interpreting the data, it is not possible to explain the 
correlations between PCB sediment concentration, fish tissue 
concentration, and size class. 
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APPENDIX D 
FOCUSED ENVIRONMENTAL ASSESSMENT DATA 

Appendix D contains focused environmental assessment dat 
for the UOP Site in East Rutherford, New Jersey. The data 
presented here include concentrations of indicator chemicals 
fish and sediment samples, mark and recapture study results, 
and physical parameters for fish and sediment samples. The 
data include both large and small size classes for fish. 
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TABLE D-l 
SUMMARY OF FISH TISSUE ANALYSIS 

SMALL FISH (DRY WEIGHTS) 
UOP SITE, EAST RUTHERFORD, NEW JERSEY 

PCB 
Sample Aroclor : 
Location (|ig/g) 

Aa 102.00 
Ab 85.00 
Ac 80.00 
Ba 91.00 
Bb 94.00 
Be 65.00 
Ea 31.00 
Ca 68.00 
Cb 84.00 
Cc 100.00 
Da 34.00 
Db 28.00 
Dc 30.00 

Averages 
A 89.00 
B 77.67 
C 84.00 

Total 
Chromium 
JUlgZsd-

3.55 
18.80 
24.40 
18.60 
9.46 
3.10 
10.00 
1.73 
13.00 
10.40 

30.67 

<1.75 
<2.00 
2.43 

15.58 
11.54 
8.38 
1.44 

(1) 

(1) 

Total 
Mercury 
ilig/g) 

1.76 
1.34 
1.56 
1.51 
1.28 
1.45 
1.72 
1.43 
1.09 
1.18 
1.56 
3.05 
1.62 

2.33 
1.46 
1.23 
2.08 

Percent 
Lipids 

3.22 
2.53 
3.65 
2.74 
3.09 
3.48 
3.14 
2.97 
3.48 
3.92 
2.95 
2.80 

2.66  

3.13 
3.05 
3.46 
2.80 

(1) One half of the detection limit was used for calculations. 

Percent 
Solids 

22.4 
23.2 
24.2 
21.6 

24.3 
27.9 
24.6 
28.9 
26.0 

26.2 

28.5 
24.7 
24.1 

23.3 
24.1 
27.0 
25.8 
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TABLE D-2 
SUMMARY OF FISH TISSUE ANALYSIS 

LARGE FISH (DRY WEIGHTS) 
UOP SITE, EAST RUTHERFORD, NEW JERSEY 

PCB Total Total 
Sample Aroclor 1248 Chromium Mercury Percent Perce 
Location _Uig/a) JjAg/g) Utg/g) Lipids Soli 

Aa 74.00 14.50 3.37 3.78 13.4 

Ab 61.00 4.87 1.09 4.68 48.7 

Ac 58.00 6.33 1.23 4.10 25.2 

Ba 67.00 39.00 1.51 5.46 27.5 
Bb 79.00 1.77 1.21 4.53 28.2 
Be 63.00 2.13 1.26 3.07 -

Ea 66.00 42.00 1.60 3.63 25.0 

Ca 59.00 5.08 1.42 4.76 31.8 
Cb 59.00 8.35 1.45 4.33 32.6 

Cc 60.00 14.30 1.94 3.67 24.7 
Da 44.00 5.40 1.51 4.19 31.2 
Db 120.00 6.35 0.94 2.96 28.4 
Dc 28.00 50.00 2.17 3.40 23.2 

Averages 
A 64.33 8.57 1.90 4.19 15.8 
B 70.17 20.95 1.38 4.45 26.7 
C 59.33 27.73 1.60 4.25 29.7 
D 64.00 20.58 1.54 3.52 27.6 

8942B 6020-006-270 
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TABLE D-3 
SUMMARY OF FUNDULUS MARK AND RECAPTURE STUDY 

UOP SITE 

SITE 

AA 
AB 
AC 
BA 
BB 
BC 
CA 
CB 
CC 
DA 
DB 
DC 
EA 

total 

LEFT PECTORAL 

0 
0 
3 
0 
0 
1 
0 
0 
0 
0 
1 
1 
0 

TAG LOCATION 

RIGHT PECTORAL 

0 
0 
2 
1 
1 
0 
0 
0 
4 
3 
0 
1 
0 

12 

CAUDAL 

6 
1 
8 
4 
7 
4 
6 
3 
4 
14 
8 
3 
3 

~~71 

N: population estimate 
T: # marked (precensus) 
t: # marked (recapture) 
n: # trapped (recapture) 

N = nT/t 
= 55,798 

S.E. = N (N-T)(N-n) 
Tn(N - 1) 

= 7,085 
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TABLE D-4 
SUMMARY OF PHYSICAL PARAMETERS FOR FISH SAMPLES 

LARGE AND SMALL FISH 
UOP SITE 

SITE SIZE AVG. LENGTH AVG. WEIGHT AVG. CONDITION (K) 
(mm) (g) 

AA LG 56.5 2.6 1.4 
AA SM 77.5 7.2 1.5 
AB LG 60.8 2.9 1.3 
AB SM 71.5 6.7 1.8 
AC LG 63.2 3.1 1.2 
AC SM 73.6 6.4 1.6 
BA LG 58.7 2.8 1.4 
BA SM 77.5 8.5 1.8 
BB LG 59 2.9 1.4 
BB SM 80.2 8.4 1.6 
BC LG 63.3 3.3 1.3 
BC SM 78.8 7.6 1.5 
CA LG 58 2.8 1.4 
CA SM 81 8.7 1.6 
CB LG 52.8 2.3 1.5 
CB SM 73.2 6.4 1.6 
CC LG 60.1 3.1 1.4 
CC SM 77.7 7.9 1.7 
DA LG 60.8 3.1 1.4 
DA SM 76.1 6.6 1.5 
DB LG 67.4 4.2 1.4 
DB SM 75.5 6.6 1.5 
DC LG 63.9 2.9 1.1 
DC SM 76.8 6.7 1.5 
EA LG 54.8 2.3 1.4 
EA SM 76.2 7.3 1.7 

4549H 6020-006-266 



TABLE D-5 
MARK AND RECAPTURE AND PHYSICAL PARAMETER RAW DATA 

FOR FISH SAMPLES 
UOP SITE 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 
AA Sm 

c 
c 

45 1.2 1.3 
62 3 1.3 
60 3.4 1.6 
64 4.6 1.8 
57 2.2 1.2 
58 2.4 1.2 
73 4.2 1.1 
42 1 1.3 
65 3.8 1.4 
66 4 1.4 
46 1.4 1.4 
52 2.2 1.6 
61 3.2 1.4 
45 1.2 1.3 
49 1.2 1.0 
47 1 1.0 
68 4 1.3 
62 2.6 1.1 
43 0.8 1.0 
48 0.8 0.7 
62 3 1.3 
40 1.2 1.9 
65 3.6 1.3 
66 3.2 1.1 
45 1.2 1.3 
73 4.2 1.1 
61 2.4 1.1 
65 3.6 1.3 
49 1.4 1.2 
44 0.8 0.9 
40 0.8 1.3 
48 1 0.9 
65 4.2 1.5 
54 1 0.6 
43 0.6 0.8 
53 2 1.3 
40 0.8 1.3 
43 1 1.3 
55 2 1.2 
70 3.8 1.1 
50 1.8 1.4 
45 1 1.1 
70 4.1 1.2 
65 3.6 1.3 



TABLE D-5 (Page 2 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

AA Lg 

C 
c 
c 

AB Sm 

75 6.2 1.5 
63 3.6 1.4 
71 3.8 1.1 
66 4.2 1.5 
68 5 1.6 
37 0.6 1.2 
66 4 1.4 
40 1 1.6 
63 3 1.2 
52 1.8 1.3 
40 0.6 0.9 
52 1.6 1.1 
53 2.2 1.5 
53 3.2 2.1 
70 4.6 1.3 
42 0.8 1.1 
67 3.3 1.1 
48 1 0.9 
68 5.6 1.8 
72 5.8 1.6 
70 4.8 1.4 
65 4 1.5 
51 1.8 1.4 
75 5.8 1.4 
73 5 1.3 
73 6 1.5 
70 5.5 1.6 
84 9.5 1.6 
75 6 1.4 
80 7 1.4 
89 11 1.6 
84 10 1.7 
74 5.5 1.4 
73 6 1.5 
80 8 1.6 
74 • 6.5 1.6 
72 6 1.6 
78 6.5 1.4 
83 9.5 1.7 
71 4.4 1.2 
70 4.2 1.2 
53 1.6 1.1 
66 3.4 1.2 
52 1.6 1.1 



TABLE D-5 (Page 3 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (nun) (g) 

71 4.2 1.2 
63 2.6 1.0 
51 1.6 1.2 
66 3.6 1.3 
65 3.2 1.2 
70 4.4 1.3 
62 3.4 1.4 
55 2 1.2 
69 4.2 1.3 
61 2.6 1.1 
59 3.2 1.6 
60 2.8 1.3 
61 3.4 1.5 
59 3.2 1.6 
60 2.8 1.3 
61 3.4 1.5 
65 3.4 1.2 
57 2 1.1 
60 3 1.4 
77 4.2 0.9 
67 4 1.3 
61 3.8 1.7 
62 3.2 1.3 
61 3.4 1.5 
62 3 1.3 
62 3.2 1.3 
66 3.6 1.3 
58 2.2 1.1 
57 2.8 1.5 
63 2.8 1.1 
58 2.2 1.1 
52 1.8 1.3 
57 2.2 1.2 
64 3.2 1.2 
45 1.2 1.3 
66 3.8 1.3 
61 2.4 1.1 
59 2.2 1.1 
68 3.8 1.2 
70 4.8 1.4 
48 1.6 1.4 
67 3.2 1.1 
65 3 1.1 
61 2.8 1.2 



TABLE D-5 (Page 4 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (nun) (g) 

AB Lg 

AC Sm 

58 1.6 0.8 
61 2.8 1.2 
61 1.8 0.8 
55 1.8 1.1 
52 1.2 0.9 
50 1.2 1.0 
41 0.8 1.2 
75 5.5 1.3 
72 5.5 1.5 
76 7 1.6 
72 5 1.3 
76 6 1.4 
71 6 1.7 
70 6.5 1.9 
74 5.5 1.4 
75 6 1.4 
73 5 1.3 
73 6 1.5 
70 5.5 1.6 
81 6 1.1 
74 6 1.5 
80 7 1.4 
68 5 1.6 
93 13 1.6 
77 6 1.3 
82 9 1.6 
95 11.5 1.3 
75 6.5 1.5 
85 8.5 1.4 
72 7 1.9 
81 7 1.3 
80 6.5 1.3 
74 6 1.5 
79 8 1.6 
76 6.5 1.5 
74 6 1.5 
64 3.6 1.4 
70 4 1.2 
61 3.4 1.5 
59 2.8 1.4 
67 3.8 1.3 
66 3 1.0 
73 5.6 1.4 
46 1.2 1.2 



TABLE D-5 (Page 5 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

58 2.2 1.1 
66 3.6 1.3 
48 1.4 1.3 
69 4.4 1.3 
67 4.6 1.5 
71 4.2 1.2 
70 4.2 1.2 
70 4.4 1.3 
66 3 1.0 
65 2.8 1.0 
71 4.6 1.3 
68 4 1.3 
71 4.6 1.3 
67 4 1.3 
64 3.2 1.2 
76 4.2 1.0 
78 6.2 1.3 

C 67 3.4 1.1 
64 2.8 1.1 
52 2 1.4 
62 3 1.3 
70 4.4 1.3 
67 3.8 1.3 
68 4 1.3 
65 3.4 1.2 
65 3 1.1 

lp 65 3 1.1 
65 3.4 1.2 
67 3.6 1.2 
67 4 1.3 
65 3.2 1.2 
60 3 1.4 
58 1.8 0.9 

c 46 1.2 1.2 
70 3.8 1.1 
56 1.6 0.9 
69 3.6 1.1 
66 3.4 1.2 
63 3 1.2 
65 3.2 1.2 
57 2 1.1 
52 1.4 1.0 
67 3.6 1.2 
59 2.6 1.3 
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LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

AC Lg 

58 2 1.0 
65 2.8 1.0 
55 1.8 1.1 
67 3.6 1.2 
45 1.4 1.5 
58 2.4 1.2 
51 1.2 0.9 
65 2.2 0.8 
60 2.2 1.0 
64 2.6 1.0 
65 3.6 1.3 
68 3.4 1.1 
65 2.6 0.9 
68 3.8 1.2 
70 3.4 1.0 
65 2.8 1.0 
74 4.6 1.1 
62 2.6 1.1 
64 3 1.1 
65 3.2 1.2 
68 3.8 1.2 
71 3.6 1.0 
64 4 1.5 
61 2.6 1.1 
48 1.6 1.4 
46 1.2 1.2 
67 3.6 1.2 
45 1.2 1.3 
44 0.8 0.9 
74 6.5 1.6 
70 6.5 1.9 
72 6 1.6 
75 8 1.9 
77 8 1.8 
74 7.5 1.9 
68 4.5 1.4 
75 6 1.4 
76 7 1.6 
77 7 1.5 
76 8 1.8 
66 4.5 1.6 
72 6.5 1.7 
78 7 1.5 
76 7.5 1.7 
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LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

82 8 1.5 
80 8 1.6 
75 6.5 1.5 
74 5 1.2 82 8.5 1.5 73 7.5 1.9 70 4.5 1.3 69 5 1.5 68 5 1.6 
71 5.5 1.5 78 7.5 1.6 
73 6 1.5 
71 5.5 1.5 
72 5.5 1.5 70 5 1.5 68 5 1.6 
73 6 1.5 
56 1.8 1.0 
62 2.6 1.1 
63 3.2 1.3 
69 5 1.5 
41 0.8 1.2 58 2.6 1.3 61 3 1.3 
66 3.8 1.3 
69 3.8 1.2 70 4.8 1.4 69 4.2 1.3 
62 2.8 1.2 
43 1 1.3 
68 4.2 1.3 
48 1.2 1.1 66 4.2 1.5 
48 1.6 1.4 63 3.6 1.4 65 4.8 1.7 42 1 1.3 63 2.4 1.0 66 2.6 0.9 
77 5.4 1.2 
58 2.6 1.3 
49 1.6 1.4 
64 3.8 1.4 
67 3.6 1.2 
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LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mill) (g) 

BA Lg rp 
c 

62 2.2 0.9 
80 7.2 1.4 
61 3.4 1.5 
63 2.8 1.1 
62 4.2 1.8 
64 3 1.1 
65 3.4 1.2 
67 3 1.0 
69 4.2 1.3 
50 1.8 1.4 68 4.4 1.4 
57 2.6 1.4 
61 2.6 1.1 
66 4.8 1.7 
72 3.8 1.0 
59 2.4 1.2 
49 1.4 1.2 
65 3.2 1.2 
54 1.4 0.9 
49 1.4 1.2 
40 0.8 1.3 
53 1.8 1.2 
46 1.6 1.6 
52 1.4 1.0 
60 3.8 1.8 
60 3 1.4 
58 3 1.5 
44 1.8 2.1 
47 1 1.0 
44 1 1.2 
40 0.8 1.3 
44 1 1.2 
84 9 1.5 
76 8 1.8 
96 15.5 1.8 
97 17.5 1.9 
75 6.5 1.5 
81 8 1.5 
71 7 2.0 
65 5 1.8 
80 9.5 1.9 
75 6.5 1.5 
68 5.5 1.7 
71 6 1.7 



TABLE D-5 (Page 9 of 29) 

SITE SIZE 
BB Sm 

CONDITION (K) 

1.8 
1.4 
1.3 
1.6 
1.9 
1.0 
1.2 
1.2 
1.6 
1.4 
1.2 
1.4 
1.3 
1.3 

C 60 2 0.9 
C 62 2 0.8 

1.2 
1.2 
1.3 
1.2 
1.1 
1.4 
1.1 
1.2 
1.3 
1.4 
1.2 
1.4 
1.3 
1.7 
1.2 
1.3 
1.4 
1.4 
1.4 
1.2 
1.4 
1.1 
1.2 
1.3 
1.2 
1.3 
1.5 
1.4 

rH WEIGHT 
> (g) 
69 6 
46 1.4 
42 1 
42 1.2 
54 3 
66 3 
67 3.6 
63 3 
61 3.6 
63 3.6 
63 3 
65 3.8 
56 2.2 
59 2.6 
60 2 
62 2 
65 3.4 
37 0.6 
40 0.8 
53 1.8 
60 2.4 
64 3.6 
56 2 
60 2.6 
70 4.4 
68 4.4 
59 2.4 
61 3.2 
66 3.8 
39 1 
57 2.2 
62 3 
65 3.8 
64 3.6 
63 3.4 
64 3.2 
59 2.8 
72 4 
55 2 
39 0.8 
65 3.2 
54 2 
71 5.2 
51 1.8 



TABLE D-5 (Page 10 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

BB Lg 

71 5.2 1.5 
69 5.2 1.6 
61 3.6 1.6 
58 3 1.5 
56 2.6 1.5 
57 2.6 1.4 
60 2.4 1.1 
70 4.6 1.3 
72 4.8 1.3 
63 3.4 1.4 
62 3.2 1.3 
64 3.8 1.4 
61 3.8 1.7 
52 2.4 1.7 
66 5.4 1.9 
63 3.6 1.4 
61 3.2 1.4 
40 1.2 1.9 
51 2.2 1.7 
54 3.2 2.0 
71 6.5 1.8 
82 9 1.6 
86 10 1.6 
79 7 1.4 
75 7 1.7 
81 10 1.9 
88 11 1.6 
88 9.5 1.4 
75 6.5 1.5 
83 8.5 1.5 
82 9.5 1.7 
86 9.5 1.5 
76 7 1.6 
84 9 1.5 
81 7.5 1.4 
69 5 1.5 
75 6 1.4 
87 9.5 1.4 
73 6 1.5 
78 7.5 1.6 
74 6 1.5 
84 9.5 1.6 
83 10 1.7 
97 16 1.8 



TABLE D-5 (Page 11 of 29) 

SITE SIZE 

BC Sin 

LENGTH WEIGHT CONDITION (K; 
(mm) (g )  

CONDITION (K; 
79 8 1.6 77 9.5 2.1 72 6.5 1.7 80 9 1.8 
71 4 1.1 76 5.6 1.3 65 2.8 1.0 
68 3.2 1.0 
57 2 1.1 
72 4.8 1.3 
68 4.6 1.5 53 2 1.3 
74 5.6 1.4 37 0.8 1.6 
78 6.8 1.4 66 3.8 1.3 
60 1.8 0.8 
65 3.4 1.2 
75 5.2 1.2 
75 5.2 1.2 
77 5.6 1.2 
46 1.4 1.4 
75 4.4 1.0 
46 1.2 1.2 
59 1.6 0.8 
75 5.6 1.3 
63 2.8 1.1 
60 2.2 1.0 
48 1.2 1.1 
65 2.4 0.9 
79 6 1.2 
52 1.8 1.3 
73 4.8 1.2 
68 2.8 0.9 
74 3.6 0.9 
45 1 1.1 
46 1.2 1.2 
70 4 1.2 
72 4 1.1 
71 4.2 1.2 
69 4.6 1.4 
66 4 1.4 
66 4.2 1.5 
77 6 1.3 



TABLE D-5 (Page 12 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (nun) (g) 

BC Lg 

38 1 1.8 
46 0.8 0.8 
76 4.6 1.0 
68 3.4 1.1 
69 4 1.2 
67 4.4 1.5 
63 3.4 1.4 
63 3 1.2 
50 1.8 1.4 
62 2.6 1.1 
40 0.8 1.3 
65 3.2 1.2 
79 4.6 0.9 
58 2 1.0 
75 4.6 1.1 
53 1.4 0.9 
40 0.8 1.3 
66 3 1.0 
61 3.4 1.5 
46 1 1.0 
70 2.8 0.8 
56 1.8 1.0 
60 2.2 1.0 
76 5.8 1.3 
65 2.8 1.0 
84 9.5 1.6 
85 8 1.3 
84 9.5 1.6 
73 5.5 1.4 
68 6 1.9 
88 9.5 1.4 
82 8.5 1.5 
80 7 1.4 
79 7 1.4 
92 12.5 1.6 
81 7.5 1.4 
82 8.5 1.5 
66 5 1.7 
76 6.5 1.5 
71 5.5 1.5 
80 7 1.4 
70 6 1.7 
79 7.5 1.5 
82 7.5 1.4 



TABLE D-5 (Page 13 of 29) 

SITE SIZE (run) 

CA Sm 

?H WEIGHT CONDITION (K) 
i (g )  

CONDITION (K) 
82 9 1.6 
80 8 1.6 
81 7.5 1.4 
76 7 1.6 
77 7.5 1.6 
76 7.5 1.7 
75 6.5 1.5 
70 4.6 1.3 
68 4.4 1.4 
61 2.8 1.2 
59 3 1.5 
62 4.4 1.8 
61 3 1.3 
67 3.8 1.3 
68 4 1.3 
65 3.4 1.2 
66 3.6 1.3 
63 3.4 1.4 
60 3.2 1.5 
64 3.4 1.3 
66 3.6 1.3 
61 2.4 1.1 
71 4 1.1 
65 3.2 1.2 
42 1 1.3 
66 3.8 1.3 
71 4.2 1.2 
62 2.6 1.1 
63 3.2 1.3 
62 2.8 1.2 
41 1.2 1.7 
62 3.2 1.3 
65 4.6 1.7 
67 4.4 1.5 
59 2.8 1.4 
65 3.4 1.2 
63 3.6 1.4 
65 3.8 1.4 
62 3.4 1.4 
64 3.6 1.4 
63 3 1.2 
60 3.2 1.5 
65 3.6 1.3 
63 3.2 1.3 



TABLE D-5 (Page 14 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

50 2 1.6 
41 0.8 1.2 
64 3.6 1.4 
63 2.8 1.1 
43 1.2 1.5 
46 1.4 1.4 
60 3.2 1.5 
66 4 1.4 
65 4 1.5 
62 4.2 1.8 
66 3.2 1.1 
64 3 1.1 
67 3.2 1.1 
63 4 1.6 
62 4.2 1.8 
45 1.6 1.8 
52 2 1.4 
67 4.6 1.5 
63 3.2 1.3 
41 0.8 1.2 
43 1 1.3 
44 1 1.2 
35 0.6 1.4 
42 0.8 1.1 
42 0.8 1.1 
37 0.6 1.2 
62 3 1.3 
50 1.6 1.3 
63 2.2 0.9 
64 2.8 1.1 
46 1.4 1.4 
61 2.8 1.2 
62 2.8 1.2 
44 1.2 1.4 
42 1.8 2.4 
64 3.2 1.2 
62 3.6 1.5 
53 1.6 1.1 
41 0.6 0.9 
40 1 1.6 
47 1.4 1.3 
52 2.2 1.6 
61 2.2 1.0 
58 2.6 1.3 



TABLE D-5 (Page 15 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

CA Lg 

CB Sm 

60 3 1.4 
57 2.6 1.4 
43 0.8 1.0 
79 7 1.4 
75 6 1.4 
74 6.2 1.5 
81 8.5 1.6 
77 7 1.5 
83 8.5 1.5 
83 8 1.4 
67 5 1.7 
79 7 1.4 
76 6.8 1.5 
78 7.4 1.6 
73 5.2 1.3 
92 13.5 1.7 
81 7.5 1.4 
84 12 2.0 
83 10 1.7 
95 14.5 1.7 
90 11.5 1.6 
90 10.5 1.4 
86 12 1.9 
89 13 1.8 
82 10 1.8 
85 9.5 1.5 
86 9 1.4 
81 8.5 1.6 
79 8.5 1.7 
74 7 1.7 
81 8.5 1.6 
77 8 1.8 
78 7.5 1.6 
78 7.5 1.6 
76 7 1.6 
69 4.2 1.3 
40 0.6 0.9 
54 3.4 2.2 
56 2.8 1.6 
41 0.8 1.2 
62 3.2 1.3 
41 1 1.5 
43 1.2 1.5 
33 0.6 1.7 



TABLE D-5 (Page 16 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

56 3 1.7 
38 0.8 1.5 
42 1.4 1.9 
42 1.2 1.6 
51 1.6 1.2 
52 2.2 1.6 
55 3 1.8 
59 2.8 1.4 
36 0.8 1.7 
41 1.4 2.0 
60 3 1.4 
41 0.8 1.2 
66 3.2 1.1 
44 1 1.2 
54 2.2 1.4 
40 0.8 1.3 
41 0.8 1.2 
42 1 1.3 
59 2.8 1.4 
52 2 1.4 
60 2.8 1.3 
73 4 1.0 
40 0.8 1.3 
71 4.8 1.3 
65 3.2 1.2 
46 1 1.0 
44 1 1.2 
43 1 1.3 
50 1.6 1.3 
44 1 1.2 
61 3 1.3 
58 2.6 1.3 
63 4 1.6 
60 3.8 1.8 
65 3.8 1.4 
61 3 1.3 
54 2 1.3 
59 2.8 1.4 
42 0.8 1.1 
60 3.8 1.8 
63 3.8 1.5 
62 3.8 1.6 
68 4.6 1.5 
42 0.8 1.1 



TABLE D-5 (Page 17 of 29) 

SITE SIZE 

CB Lg 

LENGTH WEIGHT CONDITION (K; 
(nun) (g) 

CONDITION (K; 

38 0.8 1.5 
41 1.4 2.0 
38 0.8 1.5 
42 1 1.3 
46 0.8 0.8 
44 0.6 0.7 
44 0.8 0.9 
63 3.4 1.4 
64 3.8 1.4 
44 1.2 1.4 
71 4.8 1.3 
45 1.4 1.5 
56 2.6 1.5 
61 1.2 0.5 
61 3.2 1.4 
52 1.8 1.3 
60 2.8 1.3 
66 3.8 1.3 
66 3.8 1.3 
40 0.8 1.3 
45 1 1.1 
61 3.4 1.5 
65 4.8 1.7 
63 3.6 1.4 
57 2.6 1.4 
65 3.6 1.3 
64 3.6 1.4 
65 4 1.5 
76 5.8 1.3 
62 3.6 1.5 
62 2.6 1.1 
69 4.8 1.5 
64 3.2 1.2 
67 4.6 1.5 
71 5.6 1.6 
69 5.6 1.7 
71 5.6 1.6 
67 5.4 1.8 
78 7.8 1.6 
77 7 1.5 
71 5 1.4 
64 4 1.5 
65 4.6 1.7 
69 4.2 1.3 



TABLE D-5 (Page 18 of 29) 

SITE SIZE 

c 

CC Sm 

rp 

LENGTH WEIGHT 
(nun) (g) 

83 10.5 
84 9 
92 12.5 
83 9.5 
72 7 
95 16 
84 10 
87 10.5 
76 7 
80 7.5 
72 6 
72 5 
74 5 
70 5 
80 7.8 
70 5 
71 6 
71 5.4 
63 3.4 
64 3.8 
57 2.2 
62 2.8 
61 3.8 
62 3.8 
46 1.6 
62 3.2 
78 3.1 
44 1.2 
42 1.2 
39 0.6 
60 3.2 
42 0.8 
61 2.6 
63 2.8 
62 3.2 
56 2.6 
57 2.4 
61 2.8 
54 2.8 
61 2.8 
52 2.2 
63 3.2 
65 3.8 
61 3 

CONDITION (K) 

1.8 
1.5 
1.6 
1.7 
1.9 
1.9 
1.7 
1.6 
1.6 
1.5 
1.6 
1.3 
1.2 
1.5 
1.5 
1.5 
1.7 
1.5 
1.4 
1.4 
1.2 
1.2 
1.7 
1.6 
1.6 
1.3 
0.7 
1.4 
1.6 
1.0 
1.5 
1.1 
1.1 
1.1 
1.3 
1.5 
1.3 
1.2 
1.8 
1.2 
1.6 
1.3 
1.4 
1.3 



TABLE D-5 (Page 19 of 29) 

SITE SIZE 

rp 

LENGTH WEIGHT 
(mm) (g) 

62 3 
59 2.2 
60 3.2 
62 3.2 
64 4.2 
66 3.2 
64 3.6 
52 2 
54 2.2 
64 3.4 
61 2.4 
62 3.6 
59 3.4 
61 2.6 
58 2.2 
56 2.6 
63 2.4 
41 0.8 
41 1.6 
57 2.6 
59 2.4 
54 2.2 
68 4.6 
58 2.8 
71 4.6 
73 4.8 
69 4.4 
65 3.4 
71 4.9 
70 3.9 
66 3.4 
69 5.1 
43 1.2 
69 4.3 
62 3.4 
62 3.4 
63 3.5 
66 3.9 
68 4.1 
38 0.8 
43 1 
65 3.8 
64 3.8 
61 3.1 

CONDITION (K) 

1.3 
1.1 
1.5 
1.3 
1.6 
1.1 
1.4 
1.4 
1.4 
1.3 
1.1 
1.5 
1.7 
1.1 
1.1 
1.5 
1.0 
1.2 
2.3 
1.4 
1.2 
1.4 
1.5 
1.4 
1.3 
1.2 
1.3 
1.2 
1.4 
1.1 
1.2 
1.6 
1.5 
1.3 
1.4 
1.4 
1.4 
1.4 
1.3 
1.5 
1.3 
1.4 
1.4 
1.4 



TABLE D-5 (Page 20 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

CC Lg 

64 3.8 1.4 
67 4.4 1.5 
66 4.4 1.5 
42 0.8 1.1 
40 0.8 1.3 
64 3.2 1.2 
66 4 1.4 
72 6 1.6 
75 4.8 1.1 
61 3.8 1.7 
63 3.4 1.4 
66 3.6 1.3 
63 3.4 1.4 
64 4.4 1.7 
65 2.6 0.9 
65 4.4 1.6 
67 3.4 1.1 
65 4.3 1.6 
72 6 1.6 
74 6 1.5 
87 10.5 1.6 
75 6.5 1.5 
86 9 1.4 
70 5.5 1.6 
72 6 1.6 
70 6 1.7 
78 7.5 1.6 
72 6 1.6 
76 7 1.6 
91 15 2.0 
86 11 1.7 
90 12.5 1.7 
85 11 1.8 
84 10 1.7 
75 7 1.7 
77 8 1.8 
83 9.5 1.7 
78 8 1.7 
74 8.5 2.1 
76 7.5 1.7 
81 7.5 1.4 
77 6.5 1.4 
74 8 2.0 
72 7 1.9 



TABLE D-5 (Page 21 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

76 5 1.1 
73 6 1.5 
77 7.5 1.6 
77 8.5 1.9 
70 5.5 1.6 
56 3.4 1.9 
65 3.6 1.3 
60 3.2 1.5 
62 3.8 1.6 
58 3 1.5 
62 3.8 1.6 
60 2.6 1.2 
63 2.8 1.1 
60 2.8 1.3 
51 1.8 1.4 
65 3.8 1.4 
64 3.8 1.4 
57 2.8 1.5 
69 4 1.2 
61 3.2 1.4 
64 3 1.1 
41 1 1.5 
62 3.4 1.4 
65 4 1.5 
74 1.2 0.3 
62 4.2 1.8 
44 1.4 1.6 
61 3 1.3 
69 4.6 1.4 
56 2.4 1.4 
59 2 1.0 
66 3.6 1.3 
58 2.4 1.2 
61 2.2 1.0 
60 3.6 1.7 
53 2.2 1.5 
60 2.4 1.1 
62 3.6 1.5 
61 2.8 1.2 
59 3.2 1.6 
64 3.8 1.4 
67 4 1.3 
59 2.6 1.3 
61 2.4 1.1 



TABLE D-5 (Page 22 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (nun) (g) 

c 62 3 1.3 
61 2.8 1.2 
56 2.2 1.3 
67 3.8 1.3 

C 69 4.2 1.3 
63 3.2 1.3 
69 4.4 1.3 
55 2.6 1.6 
60 2.6 1.2 
65 3.2 1.2 
61 3 1.3 
69 4.8 1.5 
66 3 1.0 
59 2.8 1.4 
70 4.6 1.3 
67 3.8 1.3 
56 2.4 1.4 
61 3 1.3 
60 3.4 1.6 
62 2.6 1.1 
63 3.8 1.5 
42 1.2 1.6 
61 3.4 1.5 
63 3 1.2 
61 3 1.3 
61 2.6 1.1 
64 3.4 1.3 

C 62 2.8 1.2 
62 5 2.1 
68 3.8 1.2 
54 1.6 1.0 
59 2.8 1.4 

C 39 0.8 1.3 
62 3.2 1.3 

DA Lg 67 5 1.7 
75 5 1.2 
71 5.5 1.5 
70 5.5 1.6 
73 5 1.3 
72 5 1.3 
71 4.5 1.3 
73 6 1.5 
74 5.5 1.4 
74 * 6 1.5 



TABLE D-5 (Page 23 of 29) 

LENGTH 
SITE SIZE (mm) 

C 
c 

DB Sm 

?H WEIGHT 
(g) 

CONDITION (K; 

73 6 1.5 
79 7.5 1.5 
81 7.5 1.4 
89 10 1.4 
79 7 1.4 
77 6 1.3 
77 7.5 1.6 
80 7.5 1.5 
86 9.5 1.5 
75 7.5 1.8 
76 6 1.4 
70 6.5 1.9 
73 6 1.5 
78 6.5 1.4 
83 9.5 1.7 
78 7.5 1.6 
72 5 1.3 
77 6.5 1.4 
85 9.5 1.5 
74 5 1.2 
77 6.5 1.4 
76 7 1.6 
71 4.5 1.3 
72 4.5 1.2 
72 5 1.3 
76 7 1.6 
65 3.5 1.3 
62 2.5 1.0 
50 2 1.6 
63 3.5 1.4 
64 3 1.1 
65 4 1.5 
62 3.5 1.5 
73 5 1.3 
68 4.5 1.4 
62 3.5 1.5 
60 3.5 1.6 
54 3 1.9 
70 4 1.2 
71 5 1.4 
68 4 1.3 
69 4 1.2 
74 4.5 1.1 
67 4 1.3 



» 

TABLE D-5 (Page 24 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

DB Lg 

77 6.5 1.4 
68 4.5 1.4 
70 4.5 1.3 
74 5 1.2 
66 3.5 1.2 
73 5 1.3 
65 4 1.5 
71 4.5 1.3 
73 5 1.3 
75 5 1.2 
68 3.5 1.1 
67 4 1.3 
61 3.5 1.5 
68 3.5 1.1 
69 4.5 1.4 
67 3 1.0 
72 5 1.3 
61 3.5 1.5 
66 3.5 1.2 
69 5 1.5 
70 5 1.5 
64 3.5 1.3 
72 4.5 1.2 
49 2.5 2.1 
73 6.5 1.7 
87 9.5 1.4 
74 7 1.7 
85 10 1.6 
75 6.5 1.5 
76 7 1.6 
87 10 1.5 
70 6 1.7 
78 7 1.5 
79 7 1.4 
81 9 1.7 
77 6 1.3 
71 6.5 1.8 
76 5.5 1.3 
76 7 1.6 
73 6.5 1.7 
86 9 1.4 
67 5.5 1.8 
73 6 1.5 
77 6.5 1.4 



TABLE D-5 (Page 25 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

DC Sm 

Ip 

72 5.5 1.5 
73 6 1.5 
77 6.5 1.4 
72 5.5 1.5 
73 6.5 1.7 
76 6.5 1.5 
84 8 1.3 
73 5.5 1.4 
73 5.5 1.4 
74 7 1.7 
70 5.5 1.6 
71 5.5 1.5 
71 5 1.4 
78 6 1.3 
74 5.5 1.4 
73 5.5 1.4 
69 6 1.8 
76 5.5 1.3 
55 2 1.2 
57 1.8 1.0 
71 3.4 0.9 
67 3.6 1.2 
64 2.8 1.1 
66 3.8 1.3 
50 0.8 0.6 
62 2.8 1.2 
70 3 0.9 
52 1.4 1.0 
62 2.4 1.0 
66 3.6 1.3 
58 2.2 1.1 
65 2.6 0.9 
60 2 0.9 
71 4.4 1.2 
62 3 1.3 
62 3.6 1.5 
70 2.8 0.8 
60 2.6 1.2 
60 2.2 1.0 
60 1.6 0.7 
57 2.2 1.2 
68 3.2 1.0 
70 3.8 1.1 
73 3.4 0.9 



TABLE D-5 (Page 26 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (nun) (g) 

69 2.8 0.9 
65 2.6 0.9 
67 3 1.0 
64 3.2 1.2 
70 3.2 0.9 
61 2 0.9 
66 3.1 1.1 
65 2 0.7 
60 2.2 1.0 
62 2.3 1.0 
66 2.8 1.0 
53 1.8 1.2 
70 3.4 1.0 
66 3.2 1.1 
68 4 1.3 
64 2.2 0.8 
64 1.6 0.6 
59 2.4 1.2 
66 3 1.0 
67 3.4 1.1 
66 3.2 1.1 
60 2.2 1.0 
67 2.8 0.9 
72 3.8 1.0 
67 3 1.0 
65 2.6 0.9 
62 3 1.3 
75 4.4 1.0 
60 1.8 0.8 
65 3.6 1.3 
66 2.8 1.0 
66 4 1.4 
67 3.6 1.2 
65 3.2 1.2 
66 3.2 1.1 
60 1.8 0.8 
69 3.8 1.2 
70 4.2 1.2 
69 3.6 1.1 
65 3.2 1.2 

o 68 3.8 1.2 
46 0.8 0.8 
63 3.2 1.3 
72 4 1.1 



TABLE D-5 (Page 27 of 29) 

SITE SIZE 

DC Lg 

c 

rp 

c 

c 

lp 

EA Sm 

LENGTH WEIGHT CONDITION (K) 
(nun) (g) 

62 3.6 1.5 
59 2.6 1.3 
68 3.8 1.2 
47 1.2 1.2 
72 5 1.3 
55 1.8 1.1 
64 2.8 1.1 
65 3.8 1.4 
73 4.8 1.2 
58 2.4 1.2 
65 2.8 1.0 
60 2.2 1.0 
60 2 0.9 
67 3.8 1.3 
63 3.6 1.4 
58 3.6 1.8 
91 12.5 1.7 
80 7 1.4 
80 7 1.4 
74 5.5 1.4 
73 5.5 1.4 
71 5.5 1.5 
76 6 1.4 
77 7 1.5 
84 8.5 1.4 
78 6.5 1.4 
79 7.5 1.5 
80 6 1.2 
78 8 1.7 
74 5.5 1.4 
78 7 1.5 
81 8 1.5 
71 6 1.7 
76 6.5 1.5 
74 6.5 1.6 
73 5.5 1.4 
74 6 1.5 
71 5.5 1.5 
78 7 1.5 
78 7 1.5 
82 7 1.3 
72 5 1.3 
71 5.5 1.5 
70 3.8 1.1 



TABLE D-5 (Page 28 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

EA Lg 

71 3.6 1.0 
73 4.4 1.1 
56 3 1.7 
70 4.2 1.2 
70 5 1.5 
45 0.6 0.7 
69 3.6 1.1 
68 5.8 1.8 
66 4 1.4 
76 4.8 1.1 
68 3.8 1.2 
71 4.6 1.3 
63 2.6 1.0 
66 3 1.0 
76 5.2 1.2 
46 1 1.0 
74 5.2 1.3 
63 3.6 1.4 
42 1 1.3 
42 1.2 1.6 
43 0.8 1.0 
40 0.6 0.9 
53 1.8 1.2 
41 0.8 1.2 
61 2.4 1.1 
44 1.2 1.4 
41 0.6 0.9 
50 1.4 1.1 
45 1.2 1.3 
41 0.8 1.2 
44 1.2 1.4 
44 1 1.2 
41 0.6 0.9 
38 0.6 1.1 
39 0.6 1.0 
38 0.6 1.1 
42 0.6 0.8 
46 0.6 0.6 
92 12.5 1.6 
81 9 1.7 
76 8 1.8 
79 7 1.4 
81 10 1.9 
73 5.5 1.4 

Q 



TABLE D-5 (Page 29 of 29) 

LENGTH WEIGHT CONDITION (K) 
SITE SIZE (mm) (g) 

81 7 1.3 
76 7.5 1.7 
68 5 1.6 
74 7.5 1.9 
83 9.5 1.7 
80 7 1.4 
78 7 1.5 
74 5.5 1.4 
73 7.5 1.9 
72 7 1.9 
68 7.5 2.4 
66 4.5 1.6 
72 5 1.3 

c: caudal fin 
lp: left pectoral fin 
rp: right pectoral fin 



TABLE D-6 
SUMMARY OF INDICATOR CHEMICALS IN SEDIMENT SAMPLES* 

ECOLOGICAL RISC ASSESSMENT 
UOP SITE, EAST RUTHERFORD, NEW JERSEY 

Constituent Concentration* 
Sample 
Location AEQC3,PT<B> 1248* 

Chromium Chromium Mercury 
Total" Hexavalent* Total* 

Physical Parameters 
Total Organic 

Carbon* 
Percent 
Solids 

Aa 66 4240 60 58 6.53 55,000 25.5 
Ab 82 5600 nr(3) 24 6.72 86,000 29.7 
Ac 123 26900 NR 108 6.72 23,000 15.9 
Ba 100 9010 1.2 33 6.74 49,000 34.9 
Bb 41 4110 20 22 6.66 15,00 48.0 
Be 7.7 7400 64 86 6.74 96,000 20.0 
Ea(2) 7.4 7890 14 75 6.37 60,000 18.8 
Ca 5.3 1120 0.57 5.9 7.44 8,800 39.7 
Cb 14 1840 NR 19 7.53 25,000 36.5 
Cc 23 6.57 NR 7.75 7.08 50,000 34.4 
Da 0.69 1680 1.2 150 4.15 63,000 28.4 
Db 1.5 744 NR 58 5.36 70,000 25.9 
Dc 1.0 644 NR 60 6.81 61,000 21.7 

*mg/kg-dry weight 

(1)Includes results for samples received by Cambridge Analytical Associates on 
November 4, 1988. Results for samples received November 7 and grain size 
distribution results for samples received November 4 will be reported later. 

(2)Duplicate of Be 

(3)Not requested 

8942B 6020-006-270 
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APPENDIX E 
ECOTOXICITY PROFILES 
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INTRODUCTION 

The toxicological profiles in this Appendix describe each 
Indicator Compound assessed in this report. Each profile 
discusses the physical and chemical properties, fate and 
transport mechanisms, ecotoxicological data, and regulations 
and standards for each chemical. Much of the ecotoxicological 
information contained in this Appendix comes from the Ambient 
Water Quality Criteria Documents prepared and published by the 
U.S. EPA under the Clean Water Act of 1972, as amended. The 
values cited here are the results of laboratory or field 
measurements on various test species. For those chemicals for 
which there is sufficient data, the U.S. EPA has adopted 
Ambient Water Quality Criteria (AWQC) for acute and chronic 
toxicity in fresh water and salt water environments. These 
AWQC values are not enforceable but are intended to provide 
scientific data and guidance on the environmental effects of 
chemical pollutants. 
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CADMIUM AND COMPOUNDS 
(Inorganic) 

Background Information 

Cadmium is generally found in conjunction with zinc and 
lead ores. It typically exists in the environment as a salt of 
the +2 valence state or as a metal; it forms no stable organic 
compounds. Different cadmium salts have different water 
solubilities, with the oxide of cadmium being less soluble than 
the chloride. The abundance in the earth's crust is 
approximately 0.2 mg/kg. Cadmium releases are generally 
associated with mining, smelting, manufacturing operations, and 
from the disposal of alkaline batteries containing cadmium 
(USEPA 1981). 

Chemical and Physical Properties 

Property 

Chemical formula 
Molecular weight 
Boiling point 
Melting point 
Water solubility 
Vapor pressure 
Henry's Law constant 
Koc 
Log10 Kow 

Kd 

Value 

Cd 
112.41 
765°C 
321°C 
insoluble 
0.00 
NA 
NA 
NA 
6.7 

Reference 

Clement, 1985 
Clement, 1985 
Clement, 1985 
Clement, 1985 
ATSDR, 1987 
USEPA, 1986 
USEPA, 1986 

Baes and Sharp, 1983 

Fate and Transport 

Compared to other heavy metals, cadmium is relatively 
mobile in the aquatic surface water environment and may be 

9136H 6020-006-270 



transported in solution or as organic or inorganic complexes. 
Sorption processes account for the removal of dissolved cadmium 
to bed sediments. Cadmium may also be removed from aqueous 
solutions by adsorption onto mineral surfaces and 
co-precipitation with hydrous metal oxides. Photolysis is not 
an important factor in determining the fate of cadmium 
compounds in water, and cadmium does not form volatile 
compounds in the aqueous environment. 

Cadmium is strongly accumulated by both salt and fresh 
water organisms at all trophic levels. Cadmium can accumulate 
in tissues at levels hundreds to thousands times higher than 
those in the water column as shown in Table E-l. Cadmium 
uptake increases with increasing water temperature and 
decreasing salinity. 

Ecotoxicology 

The ecotoxicology data in this section are reported in the 
U.S. EPA Ambient Water Quality Criteria document on cadmium 
(U.S. EPA, 1984). 

In general, salt water species of animals are more 
resistant to cadmium toxicity than are fresh water species. 
Among the salt water species the oligochaete worm 
(Mpnophylephprus cuticalatus) was the most resistant species 
while the fathead minnow (Pimephales promelas) was the most 
resistant fresh water species (Table E-2). 

There is less information available on the chronic 
toxicity of cadmium. Daphnia magna was the most sensitive 
species tested, with chronic toxicity found at 0.1523 ug/L with 
a water hardness of 53 mg/L CaCC>3 (Table E-3). Insects and 
other invertebrates are more sensitive during molting, which 
usually does not occur in 96-hour tests. 

While there is not an EC5Q or LC5Q for cadmium for the 
mallard (Anas platvrhvnchosl. a concentration of 200 mg/kg 
cadmium in food for 90 days is the maximum permissable limit to 
prevent adverse effects on reproduction and kidney function. 
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Regulations and Standards 

To protect freshwater aquatic life, the four-day average 
concentration (in ng/L) of cadmium should not exceed the numerical 
valve given be e(0'7852 [ln (hardness)] - 3.490) 

more than once every three years on the average and the one-hour 

average concentration (in ng/L) of cadmium should not exceed the 

numerical valve given by e*1-128 tln (harflness)] - 3.828) more 

than once every three years on the average. Therefore, at 
hardnesses of 50, 100, and 200 mg/L as CaC03, the four-day 
average concentrations of cadmium are 0.66, 1.1, and 2.0 ng/L, 
respectively, and the one-hour average concentrations are 1.8, 3.9, 
and 8.6 ng/L, respectively. 

To protect salt water aquatic life, the four-day average 
concentration of cadmium should not exceed 9.3 ug/L more than once 
every three years on the average. The one-hour average 
concentration should not exceed 43 |xg/L more than once every three 
years on the average. 
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TABLE E-l 

BI©CONCENTRATION FACTORS FOR CADMIUM 

Speciea Tissue 

FRESH WATER SPECIES 

whole body cadmium sulfate Cladoceran, 
Paptoua 

rhffnifffll Duration (days! 

2-4 

Midge, 
Chironomidae 

SALT WATER SPECIES 

Blue mussel, 
Mytilus edulis 

whole body cadmiun chloride 365 

soft parts cadmium chloride 35 

Grass shrimp, 
Palaaimnafap vulgaris whole body cadnium chloride 

Bi oconcentration* 
Factor 

320 

2220 

28 

306 

307 

Reference 

Poldoski, 1979 

Giesy et al., 1979 

Phillips, 1976 

Nimmo et al., 1977b 

'Results are based on cadmium, not the chemical compound. 
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TABLE E-2 

ACUTE TOXICITY OF CADMIUM TO AQUATIC ORGANISMS 

SpecAea Method Qwmioal LCgp or EC50 (ug/L) 
FRESH WATER SPECIES 

Qadoceran, 
Daphnia magna 

Midge, 
Chironomus SB-

Banded killifish, 
Fundulua diaphanuB 

Fathead minnow 
PimephaAea oromeias 

SALT WATER SPECIES 

Grass shrimp 
Palaemonetes vulgaris 

Grass shrimp 
Palaaamnahaa Vulgaris 

Blue crab (juveniles) 
Callinectes aapidus 

Blue mussel (embryo) 
Mytilus edulis 

Striped killifish (adult) S,U cadmium chloride 21,000 
Fundulus maialis 

Oligochaete worm R,U cadmiun sulfate 135,000 
Mgnophylephorua cuticaiatus 

S = static M = measured 
FT = flow through U = unmeasured 
R = renewal 
9137H 6020-006-270 

S,U cadmiun chloride 1.6 

S,U not specified 1,200 

S,M not specified 110 

S,U cadmium chloride 73,500 

S,U cadmiun chloride 420 

FT,M cadmium chloride 760 

S,U cadmiun chloride 4,700 

S,U cadmiun chloride 1,200 

Reference 

Anderson, 1948 

Rehwoldt et al., 1973 

Rehwoldt et al., 1972 

Pickering & Henderson, 1966 

Eisler, 1971 

Nimmo et al., 1977b 

Frank and Robertson, 1979 

Martin, et al. 1981 

Eisler, 1971 

Chapman et al., 1982a 



TABLE E-3 

CHRONIC TOXICITY OF CADMIUM TO AQUATIC ORGANISMS 

See&ififi Hlfmiral Ififit Limits* (ua/L) Chronic Value fua/L) Reference 

FRESH HATER SPECIES 

Cladoceran, Cadmium chloride LC 0.08-0.29 0.15 Chapman et al. manuscript 
Daohnia magna 

Fathead minnow, cadmium sulfate LC 37-57 45.92 Pickering and Gast, 1972 
PlwephaleB promelas 

SALT HATER SPECIES 

Mysid shrimp, cadmium chloride LC 6.4-10.6 8.2 Niuno et al., 1977a 
Mvsidopsis bahia 

Mysid shrimp, 
MygAdopsifl bahia cadmium chloride LC 5.1-10 7.1 Gentile et al., 1982; 

Lussier et al., manuscript 

'Results are expressed as cadmium, not the chemical compound. 
LC = Life cycle or partial life cycle 
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CHROMIUM 

Background Information 

Chromium is a heavy metal that generally exists in either 
a trivalent or hexavalent oxidation state which is found in low 
concentrations in nature systems. Problematic high levels are 
usually traceable to some type of manufacturing process. 
Chromium salts are used extensively in metal finishing as 
electroplating and cleaning agents, and as mordants in the 
textile industry. Chromium has also been extensively used in 
the tanning industry. Chromium is of nutritional importance to 
humans and animals in trace amounts. 

Chemical and Physical Properties 

Property valve Reference 

Chemical formula 
Molecular weight 
Boiling point 
Melting point 
Water solubility 

Vapor pressure 
Henry's Law constant 
Koc 
Log10 Row 
Kd 

Cr 
52 
2675°C 
1857±20°C 
Insoluble 
(Some compounds 
0.001 mmHg 
NA 
NA 
NA 
value - 37 

are) 

Clements, 1985 
USEPA, 1986 
Clements, 1985 
Clements, 1985 
Clements, 1985 

USEPA, 1986 
USEPA, 1986 
USEPA, 1986 
USEPA, 1986 
Baes and Sharp, 1983 

Fate and Transport 

Hexavalent chromium (Cr VI) is soluble and quite mobile in 
ground water (Clements, 1985). In the presence of reducing 
agents, hexavalent chromium converts rapidly to trivalent 
chromium (Cr III) (USEPA, 1980). Hexavalent chromium is a 
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strong reducing agent under acidic conditions, however, it is 
relatively stable in most natural waters (USEPA, 1980). 
Trivalent chromium tends to form stable complexes with 
negatively charged organic and inorganic species; therefore, 
its toxicity and solubility vary with water hardness and 
alkalinity (USEPA, 1980). Hexavalent chromium is rapidly 
converted to trivalent chromium in the presence of large 
quantities of organic matter (Kabata-Pendias and Pendias, 
1984). Soluble hexavalent chromium in soil is highly toxic to 
plants and animals. 

Ecological Toxicology 

The ecotoxicology data reported in Tables E-4 and E-5 were 
taken from the U.S. EPA Ambient Water Quality Criteria document 
on Chromium (U.S. EPA, 1984). 

The acute toxicity of hexavalent chromium decreases as 
hardness and pH increase. The toxicity of trivalent chromium, 
in fresh water systems, is also dependent on hardness in the 
water. Trivalent chromium is more toxic in soft water. 

Regulations and Standards 

The federal Ambient Water Criteria (AWQC) for hexavalent 
chromium are as follows: 

Fresh water (ng/L) Salt water (jtg/L) 

acute chronic acute chronic 
16 11 1,100 50 

The federal Ambient Water Quality Criteria (AWQC) for 
trivalent chromium are as follows: 
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TABLE E-4 
MEAN ACUTE VALUES FOR CRROHIUM 

Hexavalent Chromium 

Species 

FRESH HATER SPECIES 

Mean Acute 
Value (LCcn) 
(Uq/L) Reference 

Cladoceran 
Paphnia magna 

Scud 
Cflmmarws PSeudolinmaeuB 

Midge 
IanytaC8V8 dissimilia 

Rainbow Trout 
Salmo aairdneri 

Fathead Minnow 
Pimephflles promelaa 

SALT WATER SPECIES 

3,490 

67.1 

57,300 

69,000 

17,600 

Dowden and 
Bennett, 1965 

Call et al. 1983 

Call et al. 1983 

Benoit, 1976 

Pickering and 
Henderson, 1966 

Brackish water clam 14,000 
Rangia cuneata 

Nysid shrimp 
Hvsidopsis bahia 2,030 

Blue crab 
Callinectea saoidus 89,000 

Mumnichog 
Fwidulus heteroclltua 91,000 

Olson and Harrel, 
1973 

Lussier, et al., 

Frank and 
Robertson, 1979 

Eisler and 
Henneley, 1977 

Trivalent Chromium 

FRESH WATER SPECIES 

Cladoceran 
Paphnia magna 16,800 

Chapman et al., m 
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TABLE E-4 (Continued) 
MEAN ACUTE VALUES FOR CHROMIUM 

Trivalent Chromiun 

Species 

Scud 
Gammarus fig. 

Mean Acute 
Value (LC50) 

(M-g/L) 

3,200 

Reference 

Rehwoldt et al., 
1973 

Fathead minnow 
PifflCPfralCB promelas 5,070 

Pickering and 
Henderson, 1966 

Bluegill 
LepoPtiS macrochirus 

SALT HATER SPECIES 

7,460 
(hardness 20 
as mg/L CaCOj) 

71,900 
(hardness 360 
as mg/L CaC03) 

Pickering and 
Henderson, 1966 

American oyster 
CraBBPBtcea virainica 10,300 

Munmiichog 
Fundulus heteroclituB 31,500 

Calabrese, 1973 

Oorfman, 1977 
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TABLE E-5 
CHRONIC VALUES FOR CHROMIUM 

LIFE CYCLE TESTS 

Hexavalent Chromium 

Mean Acute 
Value (LC50) 

Species UlsZL) Reference 

FRESH WATER SPECIES 

Fathead minnow 
Pimephales promelas 1,987 Pickering, 1980 

Rainbow trout, 
Salmo qairdneri 73.18 Sauter et al., 1976 

Brook trout, 
Saivelinug fontinalia 264.6 Benoit, 1976 

SALT WATER SPECIES 

Polychaete worm 
Neanthes arenaceodentata 25.18 Oshida and 

Word, 1982 

Hysid shrimp 
Hvaidopsia bahia 132 LuBaier et al., 

ma 

Trivalent Chromium 

FRESH WATER SPECIES 

Cladoceran 
Daohnia magna 66.11 

Chapman, et al., 
manuscript 

Fathead minnow 
Pimephales promelas 1,025 Pickering, ms 

SALT WATER SPECIES 

Polychaete worm 
Neanthes arenaceodentata >50,400 Oshida et al., 

1976, 1981 
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Fresh water (fig/L) 

acute chronic 
1,700 210 

The lowest observed effect level for trivalent chromium in 
salt water is 10,300 pg/L for acute exposure. 
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1,2-DICHLOROBENZENE 

Background Information 

There are three structural isomers of dichlorobenzene; the 
focus of this profile is on 1,2-dichlorobenzene (1,2-DCB). 
1,2-DCB is used primarily as a process solvent in the 
production of toluene disiocyanate, and in the manufacturing of 
dyes, herbicides, and degreasers (USEPA, 1980). 

Chemical and Physical Properties 

Property 

Chemical formula 
Molecular weight 
Boiling point 
Melting point 
Water solubility 
Vapor pressure 
Henry's Law constant 
Koc 
Logio Row 

Value 

C6H10CL2 
147.01 
179 °C 
-16.7/-18°C 
lOOmg/L at 20-30°C 
1 mmHg at 20°C 
1.93E-03atm-m3/mol 
1700 mL/g 
3.60 

Reference 

Verschueren, 1983 
Verschueren, 1983 
Verschueren, 1983 
Verschueren, 1983 
USEPA, 1986 
Verschueren, 1983 
USEPA, 1986 
USEPA, 1986 
USEPA, 1986 

Fate and Transport 

The predominant aquatic fate of 1,2-dichlorobenzene has 
not been determined. There is evidence that this compound is 
very persistent and will probably be degraded slowly by 
microorganisms already growing on another hydrocarbon source. 

1,2-Dichlorobenzene is resistant to auto-oxidation by the 
peroxy radical (R02) in water. The compound does not easily 
undergo hydrolysis in water at an appreciable rate under 
environmental conditions. 1,2-Dichlorobenzene has a low water 
solubility and is volatile. Its half-life in water is 1.5 to 
8.5 days. Although it is volatile, 1,2-dichlorobenzene can 
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also be adsorbed by sedimented organic material; the extent to 
which this sorption interferes with volatilization was not 
discussed in the available literature. As 1,2-dichlorobenzene 
also has a high affinity for lipids, sorption, bioaccumulation, 
and volatilization are expected to be competing processes. 

Ecotoxicology 

The ecotoxicology data in this section are reported in the 
U.S. EPA Ambient Water Quality Criteria document on 
dichlorobenzene (U.S. EPA, 1980). Rainbow trout (Salmo 
gairdneri) is the more sensitive species of the four fresh 
water species tested (Table E-6). Among the three salt water 
species tested, the mysid shrimp Mvsidopsis bahia was the most 
sensitive, followed by the tidewater silverside Medidia 
beryllina and finally the sheepshead minnow Cvprinodon 
varieoatus (Table E-6). Only the fathead minnow (Pimenhales 
promelas) was tested under chronic conditions (Table E-7). The 
test was an embryo/larvae test and the reported value is 2,000 
jig/L. 

The available data for 1,2-dichlorobenzene indicate that 
acute and chronic toxicity to fresh water aquatic animal 
species occur at concentrations of 1,580 ng/L (£. gairdneri) 
and 2,000 ng/L (E. promelas). respectively. Toxicity to salt 
water animal species occur at concentrations of 1,970 tig/L (&. 
bahia). Toxicity could occur at lower concentrations among 
species more sensitive than those tested. 

Regulations and Standards 

There are no federal Ambient Water Quality Criteria (AWQC) 
for dichlorobenzene. The lowest observed effect level for 
fresh water is 1,120 \ig/L for acute exposure and 763 fig/L 
for chronic exposure. The lowest observed effect level for 
salt water is 1,970 jig/L for acute exposure. 
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TABLE E-6 

ACUTE TOXICITY OF 1,2-DICHLOROBENZENE TO AQUATIC LIFE 

Species 

FRESH WATER SPECIES 

Hidge, 
Tanytapaua dissimilis 

Cladoceran, 
Daphnia magna 

Rainbow trout 
Salmo aairdneri 

Bluegill 
Lepomiff macrochirua 

Bluegill 
LePPflp macrochirus 

SALT WATER SPECIES 

Mysid shrimp, 
Hyaidoppip bahia 

Sheepshead minnow, 
Cypuriaodon varieqatuB 

Tidewater silverside 
Henidle berylilna 

Method" Chemical LC50 Qr EC50 (Hg/h) References 

S,M 1,2-DCB 

s,u 
FT,M 

1,2-DCB 

1,2-DCB 

S,U 1,2-DCB 

S,U 1,2-DCB 

1,2-DCB 
S,U 

S,U 1,2-DCB 

S,U 1,2-DCB 

11,760 

2,440 

1,580 

27,000 

5,590 

1,970 

9,660 

7,300 

U.S. EPA, 1980 

U.S. EPA, 1978 

U.S. EPA, 1980 

Dawson et al., 1977 

U.S. EPA, 1978 

USEPA, 1978 

USEPA, 1978 

Dawson et al., 1977 

*S = static, U = unmeasured, M = measured 
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TABLE E-7 
CHRONIC TOXICITY OF 1,2-DICHLOROBENZENE TO AQUATIC LIFE 

Specj.es lest Chemical Limits (ng/h) Chronic Value (ua/Ll Reference 

Fathead minnow, ELS l,2-dichloroben2ene 1,600-2,500 2,000 USEPA, 1978 
Pimeohales promelaa 

ELS = early life stage 
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Di (2-ETHYLHEXYL) PHTHALATE 

Background Information 

Di (2-ethylhexyl) phthalate (DEHP), also known as Bis 
(2-ethylhexyl) phthalate, is primarily used as a plasticizer 
for resins such as polyvinyl chloride, giving the plastic more 
flexibility. Household products which contain DEHP include 
rainwear, tablecloths, shower curtains, food packaging material 
and children's toys. DEHP is also used in tubing and 
containers for blood products and as a hydraulic and a 
dielectric fluid. (ATSDR, 1987). DEHP is present in the 
environment from both man-made and natural sources, and has 
been found in plants, animals, well water, oil, soil, and air 

Reference 

ATSDR, 1987 
USEPA, 1980 
ATSDR, 1987 
ATSDR, 1987 
ATSDR, 1987 
ATSDR, 1987 
ATSDR, 1987 
Leo, et al. 1971 
ATSDR, 1987 

Fate and Transport 

DEHP is not believed to undergo any significant direct 
photolysis in the aquatic environment. Indirect photolysis, 
which involves interaction of the hydroxyl radical with the 

(Mayer et al., 1972). 

Chemical and Physical Properties 

Value 

Chemical Formula 
Molecular Weight 
Boiling Point 
Melting Point 
Water Solubility 
Vapor Pressure 
Henry's Law Constant 
K 1G 

Row 
OC 

Log 10 

C24H38°4 
391 
385°C 
-50°C 
0.285 mg/1 
3.4xl0~7 mmHg 

-4 3 1x10 atm - m /mol 
9.22 ml/g 
4.88 
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aromatic ring, is also considered too slow to be 
environmentally significant (Dorfman and Adams, 1973). DEHP is 
expected to hydrolyze in surface water, but at a rate which is 
not expected to be environmentally significant. The half-life 
for the hydrolysis of DEHP is expected to be on the order of 
years. The hydrolysis of phthalate esters, as a group, is 
catalyzed by both acids and bases. (Thamassi and Bruce, 1966). 

The vapor pressure of DEHP is very low, indicating that 
volatilization is probably not a significant fate process. It 
has been estimated that the evaporative half-life of DEHP from 
water is 15 years (Branso, 1978). In addition, since DEHP is 
readily adsorbed onto particulates, volatilization is not 
considered a likely transport mechanism in natural waters. 

The organic carbon partition coefficient for DEHP (9.22) 
indicates that it will be adsorbed onto suspended particles 
high in organic matter. This is supported by the observation 
that DEHP is commonly found in sediment samples taken from 
stream bottoms and the sea (Giam et al. 1978). It is also 
reported (Autian, 1973) that DEHP will complex with natural 
organic substances such as fulvic acid. The resulting DEHP 
fulvic acid complex is water soluble, thus mobilizing and 
transporting the otherwise unsoluble ester (Ogner and 
Schnitzer, 1970). 

Ecotoxicology 

The ecotoxicology data in this section are reported in the 
U.S. EPA Ambient Water Quality Criteria document on phthalate 
esters (U.S. EPA, 1980). There is only one data point reported 
by U.S. EPA pertaining to the acute toxicity of DEHP, although 
there are many toxicity endpoints for other phthalatic esters. 
In a static unmeasured test Daphnia magna suffered acute 
effects at a concentration of 11,100 jig/L (USEPA, 1978) (Table 
E-8 ) . 

In the chronic tests, two species were reported by U.S. 
EPA, with Daphnia magna having a value of <3jig/L and the 
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TABLE E-8 

ACUTE TOXICITY OF DEHF TO AQUATIC ORGANISMS 

gpgglBB Method* 

FRESH WATER SPECIES 

Cladoceram, 
Daphnia magna S,U 

Midge, 
Chironompg plwggM 

Soud, 
QamnaryB pseudolimnaeua 

*S = static 

U = unmeasured 

LC50 EC50 (|ig/l) Reference 

11,100 USEPA, 1978 

>18,000 Streufert, 1977 

>32,000 Sanders, et 
al., 1973 
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rainbow trout (Salmo aairdneri) having a value of 8.4 jig/L 
(Table E-9). 

DEHP, which can be bioconcentrated, has BCFs ranging from 
42-113 (rainbow trout) to 54-2,680 (scud) as identified in 
Table E-10 for fresh water species. 

Regulations and Standards 

Ambient Water Quality Criteria have not been established 
for DEHP. The lowest observed effect level for fresh water is 
940 ng/L for acute exposure and 3 pg/L for chronic 
exposure. The lowest observed effect level for salt water is 
2,944 ng/L for acute exposure and 3.4 ng/L for chronic 
exposure. 
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TABLE E-9 

CHRONIC TOXICITY OF DEHP TO AQUATIC ORGANISMS 

Species Method limits Chronic Value (|ia/L) Reference 

FRESH WATER SPECIES 

Cladoceran, LC <3 <3 Mayer and Sanders, 1973 
Psphnie magna 

Rainbow Trout ELS 5-14 8.4 Mehrle and Mayer, 1976 
Salmo aairdneri 
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TABLE E-10 
BIOCONCENTRATION FACTORS FOR DEHP 

Bioconcentration 
Tissue Factor 

FRESH WATER SPECIES 

Rainbow trout, 
Saima aairdneri 
Fathead minnow, 

ptomeias 

whole body-

whole body 

Scud, 
Gammarus pseudolimnaeus whole body 

42-113 

155-886 

54-2,680 

Duration 
Pavs 

36 

56 

Reference 

Mehrle and Mayer, 1976 

Mayer, 1976 

14-21 Sanders, et al. 1973 
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1,2-DIPHENYLHYDRAZINE 

Background Information 

1,2-diphenylhydrazine is the symmetrical isomer of 
diphenylhydrazine. 1,2-diphenylhydrazine is used in the 
synthesis of phenylbutazone and as an intermediate in the 
production of dyes (Lurie, 1964). 

Chemical and Physical Data 

Property Value Reference 

Chemical Formula 
Molecular Weight 
Boiling Point 
Melting Point 
Water Solubility 
Vapor pressure 
Henry's Law Constant 
K ̂c 

Row 
oc 
Log 10 

C12H12N2 
184 
220°C 
131°C 
1.84E+03 mg/L 
2.60E-05 mm Hg 
3.42E-09 atm-m^/ml 
418 mL/g 
2.90 

Weast, 
USEPA, 
Weast, 
Weast, 
USEPA, 
USEPA, 
USEPA, 
USEPA, 
USEPA, 

1978 
1986 
1978 
1978 
1986 
1986 
1986 
1986 
1986 

Fate and Transport 

1,2-diphenylhydrazine is rapidly oxidized to azobenzene in 
aerated solutions (Rao and Hayon, 1976) and in solutions 
containing environmentally common cations such as Cu (IV) and 
Fe (III). The oxidation reaction itself does not serve as an 
environmental fate, but provides a route to destruction via 
photochemical reactions of azobenzene. Azobenzene can be 
reduced by chlorophyll and its derivatives, and is therefore 
reduced after uptake by aguatic plants (Livingston and Pariser, 
1948) . 
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The oxidation of 1,2-diphenylhydrazine in aerated 
solutions is pH—dependent, and the reaction proceeds at an 
observable rate even in acidic solutions. The redox potential 
of azobenzene in water is -0.12v, indicating that the reaction 
is easily reversible (Rao and Hayon, 1976). However, in 
aerated waters azobenzene should predominate, and it will 
revert to 1,2-diphenylhydrazine only in the presence of 
reducing agents such as sulfide or hydrosulfide (Hashimoto and 
Sunamoto, 1966). No information indicating the occurence of 
further oxidation of azobenzene was found. 

1,2-Diphenylhydrazine is usually resistant to hydrolysis 
because of the high negative charge-density of the aromatic 
nucleus. There are no data to suggest that hydrolysis of 
1,2-diphenylhydrazine is an environmentally significant 
process. 1,2-Diphenylhydrazine may be subject to hydrolysis 
only under conditions which are obtained in the bisulfite 
wastes of a paper mill or coal mine (Drake, 1942). 

When assessing the volatility of 1,2-diphenylhydrazine 
from surface waters it should be noted that it will be present 
predominantly as azobenzene. Azobenzene has a very low vapor 
pressure and is likely to be adsorbed to organic materials. 
For these reasons it is inferred that azobenzene has very 
little tendency to be transported from the aqueous environment 
via volatilization. 

There is a strong tendency for both 1,2-diphenylhydrazine 
and azobenzene to be adsorbed by organic materials. In 
addition, azobenzene is strongly adsorbed by silicate materials 
(Zubareva et al., 1974). Sorption onto particles and bed 
sediments is probably a significant fate of both 
1,2-diphenylhydrazine and azobenzene. 

Ecotoxicoloov 

U.S. EPA only reports toxicity tests with 
1,2-diphenylhydrazine on two species. The acute value for 
Paphnia magna is 4100 ng/L and for the bluegill, Lepomi s 
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macrochirus. the value was 270 \iq/L (Table E-ll). There are 
no acute data available for salt water organisms, nor data fo 
chronic toxicity to fresh or salt water organisms. 

Regulations and Standards 

Federal Ambient Water Quality Criteria (AWQC) have not 
been established for 1,2-diphenylhydrazine. 
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TABLE E-ll 
ACUTE TOXICITY OF 1,2-DIPHENYLHYDRAZINE TO 

AQUATIC ORGANISMS 

Specie? Method LC50 PE EC50 (Hg/L) Reference 

Cladoceran, S,U 4,100 USEPA, 1980 
Daphnla magna 

Bluegill, S,U 270 USEPA, 1980 
lepomiB macrochirua 

S = Static 

U = Unmeasured 
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LEAD AND COMPOUNDS 
(INORGANIC) 

Background Information 

Lead is a metallic element found in soils, with an average 
abundance of approximately 15 mg/kg (ppm) in the earth's 
crust. It is used extensively in the manufacturing of storage 
batteries and was used in gasoline and paint. Lead is also a 
natural constituent of many soils, for which concentrations 
normally range from 10 to 30 milligrams lead per kilogram of 
soil. 

Chemical and Physical Properties 

Property Value Reference 

Chemical formula Pb Clement, 1985 
Molecular weight 207.19 Clement, 1985 
Boiling point 1,740°C Clement, 1985 
Melting point 327.502°C Clement, 1985 
Water solubility Insoluble Weast, 1980 
Vapor pressure 0.00 mm Hg USEPA, 1986 
Henry's Law constant NA USEPA, 1986 
Koc NA 
Logio Kow NA 
Kd 99 Baes and Sharp 

Fate and Transport 

The concentration of lead in waters can be reduced by 
sorption processes, which result in enrichment of bed sediments 
near the source. In severely contaminated areas, precipitation 
may be important in controlling the mobility of this metal. 
Lead tends to form complexes with naturally occuring organic 
materials, and this increases its adsorptive affinity for clays 
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and mineral surfaces. Bottom and mud dwelling (benthic) 
microbial organisms can methylate lead to form tetramethyl 
lead, which allows lead in sediments.to be reintroduced into 
the water. 

While organo-lead compounds do not undergo photolysis in 
water, dissolved lead can be hydrolyzed to form Pb(OH)2. 
Most lead compounds are not volatile, with the exception of 
tetramethyl lead produced by benthic organisms. 

The adsorption of lead to sediments is highly pH 
dependent. At pH = 7 and above, essentially all lead is in the 
solid phase. At low pH lead is negatively sorbed (repelled 
from the adsorbent surface) so that lead is very mobile in 
acidic waters. 

Lead is generally not bioaccumulated or biomagnified, as 
the pH of most natural waters renders lead unavailable for 
uptake. Fish tend to accumulate very little lead in edible 
tissues; however, invertebrates (such as oysters and mussels) 
can accumulate high levels of lead. Mosquito larvae also 
accumulate lead. 

Ecotoxicology 

The acute and chronic toxicity of lead to aquatic 
organisms is often dependent on the hardness of the water, with 
species being more sensitive to lead toxicity in soft water. 

The ecotoxicology data in this section are reported in the 
Ambient Water Quality Criteria document for lead (U.S. EPA, 
1984). Some acute toxicity values are shown in Table E-12. 
Chronic toxicity tests demonstrate that many species of fresh 
water fish exhibit reproductive disorders and high embryo 
mortality from exposure to lead (Table E-13). 

Lead will bioaccumulate, especially in the soft parts of 
mussels (Table E-14). 
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TABLE E-12 

ACUTE TOXICITY OF LEAD TO AQUATIC ORGANISMS 

Species 

FRESH WATER SPECIES 

Cladoceran, 
Dapfania magna 

Midge, 
Tanytarsw dissimilis 

Crayfish, 
Orconectes limosus 

Fathead minnow, 
PiffPChaisa promelas 

SALT WATER SPECIES 

Hard clam (larva), 
Mercenaria roercenaria 

Mysid shrimp, 
Mvsidopsis bahia 

Method Chemical 

R,M Lead nitrate 

FT,M Lead nitrate 

S,M Lead chloride 

S,U, Lead chloride 

S,U Lead nitrate 

FT, M Lead nitrate 

LC50 Of EC50 (ttg/U 

447.8 

235,900 

3,300 

7,330® 
482,000b 

780 

3,130 

*S = static 
M = measured 
U = unmeasured 
FT = flow-through 
(a) = water hardness = 20 mg/L as CaCOj 
(b) = water hardness = 360 mg/L as CaCOg 
""results are expressed as lead, not the chemical compound. 
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Chapman et al., Manuscript 

Call et al., 1983 

Boutet and Chaisemarten, 1973 

Pickering and 
Henderson, 1966 

Calabrese and Nelson, 1974 

Lussier et al., ms 



TABLE E-13 
CHRONIC TOXICITY OF LEAD TO AQUATIC ANIMALS 

Species 

FRESH WATER SPECIES 

Cladoceran, 
Daphnia magna 

SALT WATER SPECIES 

Hysid shrimp, 
ffiYgittopgjg bahia 

Jtati Chemcal kAmita" (|ig/H.) Chronic Value fiio/Ll Reference 

LC Lead nitrate 

LC Lead nitrate 

9-T6.7 

17-37 

12.26 

25.08 

Chapman et al 
manuscript 

Lussier et al 
manuscript 

= LC = lifecycle or partial life cycle 
results are expressed as lead, not as the chemical compound 
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Species 
FRESH WATER SPECIES 

Brook trout (embryo), 
Saiveiinufl fontinalia 

SALT WATER SPECIES 

Diatom, 
PUylUffl briahtwelli 

Blue mussel, 
Mvtilus edulis 

Blue mussel, 
Mrtilus edulis 

TABLE E-14 
BI©CONCENTRATION FACTORS FOR LEAD 

Bioconcentration 
Chemical Tissue Factor 

Lead nitrate whole body 42 

Lead chloride cells 725 

Lead nitrate soft parts 650 

Lead nitrate soft parts 2,080 

9137H 6020-006-270 

Duration (days) 

140 

References 

Holcombe et al., 1976 

14 Canterford et al, 1978 

40 Schulz-Baldes, 1974 

130 Schulz-Baldes, 1972 



Regulations and Standards 

For protection of aquatic life, the federal Ambient Water 
Quality Criteria (AWQC) for lead are as follows: 

Fresh water (ng/L) Salt water (uq/L) 
Acute Chronic Acute Chronic 

82 3.2 140 5.6 
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MERCURY 

Background Information 

Mercury is a silver white metal found as a liquid at room 
temperature. A major use of mercury has been as a cathode in 
the electrolytic preparation of chlorine and caustic soda 
(USEPA, 1980). Electrical apparatus such as lamps and mercury 
battery cells account for over 25% of the mercury used 
annually (USEPA, 1980). About 15% of the mercury produced 
annually is used in thermometers and barometers (USEPA, 1980). 
Other substantial uses of mercury have come from use as an 
antifoulant, in paints, and in formulas to control fungal 
diseases in seeds, bulbs, plants, and vegetation (U.S. EPA, 
1980). However, the EPA no longer registers mercury for use as 
an antifoulant or to control diseases in those organisms listed 
above (U.S. EPA, 1980). 

Chemical and Physical Data 

Property Value Reference 

Chemical Formula 
Molecular Weight 
Boiling Point 

Hg 
201 
356.50°C 
-38.87°C 
81.3 ug/1 
(at 30°C) 

Clement, 1985 
USEPA, 1986 
Clement, 1985 
Clement, 1985 
Clement, 1985 

Melting Point 
Water Solubility 

Vapor Pressure 
Henry's Law Constant 

2.0x10 3 mmHg 
NA 

USEPA, 1986 
Clement, 1985 

NA 
NA 
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Fate and Transport 

Mercury has long been recognized as one of the most toxic 
of heavy metals. Elemental mercury is a heavy liquid at room 
temperature. Elemental mercury is oxidized to divalent mercury 
under natural conditions (Wood, 1974). Divalent mercury, 
whether discharged directly or produced from elemental mercury, 
can be methylated by both aerobic and anaerobic bacteria 
(National Research Council, 1978; Jernelov, 1971; and Callahan 
et al., 1979). Divalent mercury has also been found to undergo 
methylation in the slime coat and intestines of fish (Jernelov, 
1968). 

Methyl mercury is more water soluble and 10 to 20 times 
more toxic to mammals and aquatic life than other forms of 
mercury (Fromm, 1977; Armstrong and Scott, 1979; Jernelov, 
1972; Lock et al., 1981). Even though most mercury in the 
water column is divalent inorganic mercury, methylmercury 
comprises most of the mercury residual in tissues of aquatic 
organisms (Hattura et al., 1978; Cappon and Smith, 1979). 
Sorption of mercury is strongest onto organic materials 
(Clement, 1985). 

Ecotoxicology 

The ecotoxicology data in this section are reported in the 
U.S. EPA Ambient Water Quality Criteria document on mercury 
(U.S. EPA, 1985). 

There are toxicity data available for three classes of 
mercury: divalent inorganic mercury, methyl mercury, and other 
compounds (chiefly organic). 

Fishes (mummichog and fathead minnow) were more resistant 
to inorganic mercury (up to 10 times more) than invertebrates 
such as the midge (Chironomus) and mysid shrimp (Mysidopsis 
bahia) (Table E-15). In Table E-15, the cladoceran, Daphnia 
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Species 

FRESH WATER SPECIES 

Cladoceran, 
Dapfania magna 

Midge, 
Chironomug ap. 

Fathead minnow 
Pimephafeg oromelas 

SALT WATER SPECIES 

Blue mussel, 
Mvtilus edulis 

Eastern oyster, 
Crassostrea virainica 

Mysid, 
MysldQP8A8 bahia 

Dungeness crab, (larvae) 
Cancer maaister 

Muamichog, 
FmdvlVH heteroclitus 

FRESH WATER SPECIES 

Rainbow trout (larva), 
SalffW aairdneri 

TABLE E-15 
ACUTE TOXICITY OF MERCURY TO AQUATIC LIFE 

tig&Mxi Chemical LC50 or ECgp (ua/L) 

DIVALENT INORGANIC MERCURY 

S,U mercuric chloride 2.18 

S,M mercuric nitrate 20 

F, M mercuric chloride 158.7 

S,U mercuric chloride 5.8 

S,U mercuric chloride 5.6 

F,M mercuric chloride 3.5 

S,M mercuric chloride 6.6 

S,U mercuric chloride 200 

METHYL MERCURY 

R,U methyl mercuric 24 
chloride 
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Reference 

Canton and Adema, 1978 

Rehwoldt et al., 1973 

Call et al., 1982 

Martin et al., 1981 

Calabrese et al., 1977 

Gentile et al., 1982, 1983 

Glickstein, 1978 

Dorfman, 1977 

Wobeser, 1973 



TABLE E-15 (Continued) 

Species 

SALT WATER SPECTES 

Mstbod Qssjaical LCC0 OR EC50 (MX/N 

METHYL MERCURY 

Amphipod (adult), S,U 
foflfllBiruff duebeni 

Mummichog (embryo) S,M 
Fundulus heteroditus 

methylmercuric 
chloride 

methylmercuric 
chloride 

150 

51.1 

FRESH WATER SPECIES 

Fathead minnow 
Piwpehales Promelas 
SALT WATER SPEQES 

S,M 

OTHER MERCURY COMPOUNDS ' 

mercuric acetate 40 

Grass shrimp (adult), S,M 
puqio 

Grass shrimp adult, S,M 
PalawnniTft^fffl pugjo 

Mumaichog, S,U 
Fundulus heteroclitus 

Munnichog, S,U 
Fundulus heteroclitus 

mercuric acetate 

mercuric thiocyanate 

mercurous sulfate 

mercurous sulfate 

47 

76 

6,800 

300 

S — static, R — renewal, F — flow—through, U = unmeasured, M - measured. 
Results are expressed as mercury, not as the chemical. 
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Reference 

Lockwood and Iranan, 1975 

Sharp S. Neff, 1982 

Curtis et al., 1979 

Curtis et al., 1979 

Curtis et al., 1979 

Dorfman, 1977 

Dorfman, 1977 



maSLQJ./ was most sensitive to divalent inorganic mercury (value 
= 2.18 pg/L) followed by the mysid shrimp (value -
3.5 pg/L), eastern oyster (Crossostrea viroinica) (value =5.6 
pg/L) and blue mussel (Mytiliia edulis) (value = 5.8 pg/L) . 

There are limited data available on acute toxicity of 
methylmercury. However, the data indicate that fish are more 
resistant than invertebrates (Table E-15). 

It is difficult to conclude that this same trend holds 
true for species exposed to other mercury compounds. However, 
the mummichog (values at 6,800 and 300 pg/1) is more resistant 
than the grass shrimp (values at 47 and 76 pg/L). 

There were no great differences in toxicity among the 
different mercury compounds. Rather, there is a greater 
variation in sensitivity between species within each chemical 
group. 

Only one salt water species, Mvsidopsi s bahia. was tested 
for chronic toxicity to any mercury compound. Divalent 
inorganic mercury was used and the chronic value was 1.13 
ug/L. A fresh water invertebrate, Daphnia magna, had a chronic 
value of 1.287 pg/L (Table E-16). 

Only one species, Daphnia magna. was used in chronic tests 
for other mercury compounds. The value was 1.46 pg/L 
(Table E-16). 

There are various other data available for mercury 
compounds identified in Table E—17. Inorganic mercury has been 
shown to produce abnormal development of grass shrimp larva at 
concentrations of 10-18 pg/L. In the mummichog embryo, the 
number of developmental abnormalities increased with increasing 
concentrations of mercuric chloride. The mallard duck (Anas 
platyrhyncos) experiences reduced reproductive success when it 
receives 0.5 mg/kg methylmercuric dicyandiamide in food (Table 
E-17). This was a two-generation study. 

When exposed to 400 pg/L methylmercuric chloride for 24 
hours the mussel Mytilus edulis exhibits a 90% reduced feeding 
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TABLE E-16 
CHRONIC TOXICITY OF MERCURY TO AQUATIC LIFE 

Species Test 

FRESH WATER SPECIES 

Cladoceran, 
Daphnia magna 

Fathead minnow, 
Piwephaies proneias 

SALT WATER SPECIES 

Mysid, 
Mvsidopsis bahia 

FRESH WATER SPECIES 

Cladoceran, LC 
Daphnia rnaqa 

Brook trout, LC 
Salwelinas fontinalis 

FRESH WATER SPECIES 

Cladoceran, LC 

Daphnia magna 

Champa 1 

ELS mercuric chloride 

methylmercuric 
chloride 

methylmercuric 
chloride 

phenylme rcuric 
acetate 

limits (ltg/1) Chronic Value (iia/L) 

DIVALENT INORGANIC MERCURY 

LC mercuric chloride 0.91-1.82 

<0.23 

1.287 

<0.23 

LC mercuric chloride 0.8-1.6 1.13 

METHYL MERCURY 

0.52-0.87 

0.29-0.93 

0.67 

0.52 

OTHER MERCURY COMPOUNDS 

1.12-1.90 1.46 

Reference 

Biesinger et al., 1982 

Call et al., 1983 

Gentile et al., 1982, 1983 

Biesinger et al., 1982 

McKim et al., 1976 

Biesinger et al., 1982 

LC = life cycle, ELS = early life stage. 
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TABLE E-17 
OTHER DATA FOR MERCURY 

Species 

Grass shrimp, (larva) 
vulgaris 

Munnichog, (embryo) 
Fundulw heteroclitus 

Mummichog, (embryo) 
Fuodvlua heteroclitus 

Mallard duck, 
Aoaa olatvrhvncos 

Blue mussel, 
Mvtilus edulis 

Munmichog (adult), 
Fwrfulufl heteroclitus 

Mink (adult) 
Hustela vison 

Mink (adult) 
Hufitela vison 

"al 

mercuric 
chloride 

mercuric 
chloride 

mercuric 
chloride 

methylmercuric 
dicyandi amide 

me thylmercuric 
chloride 

methylmercuric 
chloride 

methylmercuric 
chloride 

methylmercuric 
chloride 

Eastern oyster, mercuric 
Crassostrea virainica acetate 

Duration Effect 

INORGANIC MERCURY 

48 hours abnormal 
development 

3 days many developmental 
abnormalities 

3 days some developmental 
abnormalities 

2 generations reduced reproductive 
success 

METHYL MERCURY 

24 hours 90% reduced 
feeding rate 

24 hours disrupted 
osmoregulation 

93 days histologic 
evidence of injury 

93 days DC5Q in brain 
tissue 

OTHER MERCURY COMPOUNDS 

12 hr/day 33% reduction 
for 15 days in shell growth 

Result (ua/L) 

10-18 

30-40 

10-20 

0.5 mg/kg 
in food 

400 

125 

1,100 

11,000 

Reference 

Shealy and Sandifer, 1975 

Weis and Veis, 1977 

Weis and Weiss, 1977 

Heinz, 1976 

Dorn, 1976 

Renfro et al., 1974 

Wobeser, 1973 

Wobeser, 1973 

10 Cunningham, 1976 
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rate. At a lower concentration of 125 ng/L (24 hr) the 
mummichog exhibits disrupted osmoregulation (Table E-18). 

Mercury will bioaccumulate, and in the fathead minnow 
organic mercury has a bioconcentration factor which is 10 times 
that of inorganic mercury (44,130 as compared to 4,994). A 
similar pattern holds true for the eastern oyster (Crassostrpa 
viginica) where organic mercury has a bioconcentration factor 
of 40,000 and inorganic has one of 10,000 (Table E-18). 

Regulations and Standards 

The federal Ambient Water Quality Criteria (AWQC) for 
mercury are as follows: 

Fresh water (iia/Ll Salt water fua/L) 

2.4 
acute chronic 

0.012 
acute 
2.1 

chronic 
0.025 
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TABLE E-18 
BIOACCUMULATION OF MERCURY BY AQUATIC ORGANISMS 

Species 

FRESH HATER SPECIES 

Tissue 
Bioconcentration 

Chftnwnal Duration (fays) Factor 

DIVALENT INORGANIC MERCURY 

Reference 

Fathead minnow, 
fingphaJtM pronelas 

whole body mercuric 287 4,994 Snarski and Olson, 1982 

SALT WATER SPEICES 

Eastern oyster, 
Crasaostrea viroinica 

soft parts mercuric 
chloride 

74 10,000 Kopfler, 1974 

FRESH WATER SPECIES 

Fathead minnow, 
Pimepfalea nromelas 
SALT WATER SPECIES 

whole body 

METHYL MERCURY 

methylmercuric 336 
chloride 

44,130 -
81,670 

Olson et al., 1975 

Eastern oyster, 
Crassostrea viroinica 

soft parts methylmercuric 
chloride 

74 40,000 Kopfler, 1974 

SALT WATER SPECIES 

OTHER MERCURY COMPOUNDS 

Eastern oyster, 
Crassostrea viroinica 

soft parts phenylmercuric 74 
chloride 

40,000 Kopfler, 1974 
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PHENOL 

Background Information 

Phenol is a widely used industrial chemical which has a 
large potential for occupational exposures. It is used 
primarily as an intermediate component for artificial resins, 
medical and industrial dyes, and chemical reagents (Windholz, 
1983). 

Chemical and Physical Properties 

Property 

Chemical formula 
Molecular weight 
Boiling Point 
Melting point 
Water solubility 
Vapor pressure 
Henrys Law constant 
Koc 
Log10 Kow 

Value 

CcHcOH O 3 
94.11 
182.0°C 
41°C 
82 g/L at 15°C 
0.2 mm at 20°C 
4.54E-07atm-m^/mol 
14.2 mL/g 
1.46 

Reference 

Verschueren, 1983 
Verschueren, 1983 
Verschueren, 1983 
Verschueren, 1983 
Verschueren, 1983 
Verschueren, 1983 
USEPA, 1986 
USEPA, 1986 
USEPA, 1986 

Fate and Transport 

The destruction of phenol in the aquatic environment is 
determined by photoxidation, metal-catalyzed oxidation, and 
biodegradation. 

A gradual reduction of aqueous phenol can occur through 
photooxidation, and hydroxylation at the C-2 position in the 
presence of air and iron (III) or copper (II) ions has been 
reported. Phenol is resistent to hydrolysis; there is little 
tendency for it to volatilize from water, and it is not likely 
to become sorbed to organic sediments. 
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Phenol is biodegraded in natural waters by bacteria, and 
increasing the aeration of a natural system enhances this 
removal of phenol. 

Ecotoxicity 

The ecotoxicology data in this section are reported in the 
U.S. EPA Ambient Water Quality Criteria document on phenol 
(U.S. EPA, 1980). Acute and chronic toxicity values are 
reported in Tables E-19 and E-20. 

Regulations and Standards 

There are no federal Ambient Water Quality Criteria (AWQC) 
for phenol for the protection of aquatic life. The lowest 
observed effect level for fresh water is 10,200 ng/L for acute 
exposure and 2,560 ng/L for chronic exposure. The lowest 
observed effect level for salt water is 5,800 ng/L for acute 
exposure. 
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TABLE E-19 
ACUTE TOXICITY OF PHENOL TO AQUATIC ORGANISMS 

Species 

FRESH WATER SPECIES 

Cladoceran (young), 
Danhnia magna 

Fathead minnow (adult), 
Plmwhsles promelas 

SALT WATER SPECIES 

Grass shrimp, 
Palaemonetes puaio 

Hard clam, 
Mercenaria mercenaria 

Method LC50 or ECgq (p.q/L) 

S,U 7,000 

F,M 24,000 

S,U 5,800 

S,U 52,630 

References 

Dowden & Bennett, 1965 

Ruesink and Smith, 1975 

Tatem et al., 1978 

Davis and Hidu, 1969 

S = static U = unmeasured 

M = measured F = flow through 
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TABLE E-20 
CHRONIC TOXICITY OF PHENOL TO AQUATIC ORGANISMS 

Freshwater Species 

Species Method Limits (Mfl/u Chronic Value (m»/L) References 

Fathead minnow, ELS 1,830-3,570 2,560 Holcombe et al., 1980 
Pimepheles oromelas 

ELS = early life stage 
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POLYNUCLEAR AROMATIC HYDROCARBONS 

Background Information 

Polynuclear aromatic hydrocarbons (PAHs) are a class of 
compounds consisting of substituted and unsubstituted 
polycyclic and heterocyclic aromatic rings. PAHs are formed by 
the incomplete combustion of organic compounds in the presence 
of insufficient oxygen. 

PAHs are present in the environment from both natural and 
man-made sources. As a group, they are widely distributed in 
the environment, having been found in animal and plant tissue, 
sediments, air and surface water (Radding et al., 1976). 

Chemical and Physical Properties 

Property Value Reference 

FLUORENE 

Chemical formula 
Molecular weight 
Boiling point 
Melting point 
Water solubility 

Vapor pressure 
Henry's Law constant 
Koc 
Log10 Kow 

C13M10 
116.15 
293 °C 
116-117°C 
1.98 mg/L 

7.10E-04 mmHg 
6.42E-05 atm-m^/mol 
7300 mL/g 
4 .20 

Hawley, 1981 
Weast, 1977 
Weast, 1977 
Weast, 1977 
MacKay and Shiu, 
1977 

USEPA, 1986 
USEPA, 1986 
USEPA, 1986 
USEPA, 1986 
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Property Value Reference 

PHENANTHRENE 

Chemical formula 
Molecular weight 

Boiling point 
Melting point 
Water solubility 

Vapor pressure 
Henry's Law constant 
Koc 
Log10 Row 

BENZO(a)PYRENE 

Chemical formula 
Molecular weight 

Boiling point 
Melting point 

Water solubility 

Vapor pressure 

Henry's Law constant 
Koc 
Log10 Row 

BENZO(a)ANTHRACENE 

C14H10 
178.23 

340°C 
101°C 
1.29 mg/L 

-4 6.8x10 mmHg 
1.59E-04 atm-m3/mol 
14000 
4.46 

Hawley, 1981 
Radding et al., 
1976 

Weast, 1977 
Weast, 1977 
MacKay and Shiu 
1977 

USEPA, 1986 
USEPA, 1986 
USEPA, 1986 
USEPA, 1986 

C20H12 
252 

176.5°C 
179°C 

3.8E-03 mg/L 

5E-09 mmHg 

3 1.55E-06 atm-m /mol 
5,500,000 
6.06 

Hawley, 1981 
Smith et al., 

1978 
West, 1977 
Smith et al., 
1977 

MacKay and Shiu 
1977 

Smith et al., 
1978 

USEPA, 1986 
USEPA, 1986 
USEPA, 1986 

Chemical formula 
Molecular weight 
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Property 

Boiling point 
Melting point 

Water solubility 
Vapor pressure 

Henry's Law constant 
Koc 
L°910 Kow 

BENZO(b)FLUORANTHENE 

Chemical formula 
Molecular weight 
Boiling point 
Melting point 
Water solubility 
Vapor pressure 
Henry's Law constant 
Koc 
Log10 Kow 

CHRYSENE 

Chemical formula 
Molecular weight 

Boiling point 
Melting point 

Water solubility 
Vapor pressure 
Henry's Law constant 
Koc 
Log^o Kow 

9146H 6020-006-270 

Value 

435°C 
155-157°C 

5.70E-03 
5E-09 mmHg 

NA 
1,380,000 mL/g 
5.60 

Reference 

Weast, 1977 
Smith et al., 
1977 

USEPA, 1986 
Smith et al., 
1978 

USEPA, 1986 
USEPA, 1986 
USEPA, 1986 

252.32 IARC, 1973 
Weast, 1977 

167-168°C - IARC, 1973 
4.3E-03 USEPA, 1986 
5.10E-07 mmHg USEPA, 1986 
3.94E-05 atm-m3/mol USEPA, 1986 
550,000 USEPA, 1986 
6.06 USEPA, 1986 

228.28 Radding et al 
1976 

448°C Weast, 1977 
256°C Radding et 

1976 
1.80E-03 mg/L USEPA, 1986 
6.3E-09 mmHg USEPA, 1986 
1.05E-06 atm-m3/mol USEPA, 1986 
200,000 mL/g USEPA, 1986 
5.61 USEPA, 1986 



Property Value Reference 

FLUORANTHENE 

Chemical formula 
Molecular weight 
Boiling point 
Melting point 
Water solubility 
Vapor pressure 
Henry's Law constant 
Koc 
Log10 Row 

202 
375°C 
111°C 
2.06E-01 mg/L 
5.00E-06 mmHg 

3 6.46E-06 atm-m /mol 
38,000 mL/g 
4.90 

Hawley, 1981 
USEPA, 1986 
West, 1977 
West, 1977 
USEPA, 1986 
USEPA, 1986 
USEPA, 1986 
USEPA, 1986 
USEPA, 1986 

Fate and Transport 

There are few data available specific to individual PAH 
compounds, and because of this their aquatic fate is inferred 
from data summarized for PAH compounds in general. 

Most polynuclear aromatic hydrocarbons absorb solar 
radiation strongly and may, therefore, undergo direct 
photolysis or photooxidation (Radding et al., 1976). When in 
the aqueous environment photolysis is rapid for benzo(a)pyrene 
and benzo(a)anthracene. Smith et al. (1978) reported 
half-lives in water of 1.2 hours and 1-2 hours, respectively. 
In contrast, hydrolysis is not thought to be a significant fate 
process, as PAH compounds do not contain groups amenable to 
hydrolysis (Radding et al., 1976). 

Measured volatilization rates for PAHs have not been 
reported in the literature, so the assessment of volatilization 
as a transport process is only speculative. In general, the 
volatilization rate decreases as the vapor pressure decreases, 
both of which are inversely related to the number of aromatic 
rings. Southworth (1979) concluded that the rate of 
volatilization of PAHs with four or more rings will be 
insignificant under all conditions. 
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Most PAH compounds will adsorb onto particulate matter and 
be transported in water (Radding et al., 1976). Benzo(a)pyrene 
and benzo(a)anthracene show rapid partitioning onto suspended 
matter, and sorption onto sediments is strongly correlated with 
organic carbon levels in sediments. 

Bacteria have been shown to use some PAHs as a sole source 
of carbon for growth (Radding et al., 1976). Evidence for 
bacterial degradation is limited, and there is no 
compound-specific information. Since no organisms have been 
isolated that are capable of using four or five ringed 
compounds as a sole carbon source, it is assumed that they are 
co-metabolized with simpler compounds. 

Groenewegen and Stolp (1975) reported that phenanthrene is 
degraded significantly by microbial organisms. Fluorene and 
fluoranthene are only somewhat degraded and chrysene was not 
degraded to any measureable degree. The biodegradation of 
fluoranthene is heat sensitive, requires oxygen, and is 
enhanced in the presence of cyanide. Biodegradation is thought 
to be an important fate process for PAHs with four or fewer 
aromatic rings. 

Ecotoxicology 

The ecotoxicology data in this section are reported in the 
U.S. Fish and Wildlife Biological Report on Polycyclic Aromatic 
Hydrocarbons (Eisler, 1987). 

There are few data available on the toxicity of PAHs to 
aquatic organisms. Among the indicator species chosen for the 
UOP risk assessment there is acute data available only for the 
grass shrimp, Palaemonetes puaio. Two LCc_s were established 5U 
using both fluorene and phenanthrene. The LC5Q (96 hr) for 
fluorene was 320 pg/L and the LC5Q (24 hr) for phenanthrene 
was 370 pg/L. The 96-hour LCcn for fluorene for the dU 
sheepshead minnow (Cvprinodon varieaatus) was 1680 ng/L 
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(Table E-21). These data indicate that the sheepshead minnow 
(Cvprinodon varieaatus) is the sensitive salt water species of 
interest. 

While there were no data available on the acute toxicity 
to any of the fresh water indicator species, there are data on 
other invertebrates and fish. The sandworm (Neanthes 
arenaceodentata) was the representative invertebrate tested and 
was most sensitive to phenanthrene (LC5Q = 370 pg/L) (Table 
E-21). The LC50 values for benzo(a)anthracene and chrysene 
were both >1000 pg/L. 

A variety of species were tested using fluorene and the 
data indicate that the fathead minnow (Pimephales promelas) is 
least sensitive (LC5Q - >100,000 pg/L) and the Bluegill 
(LeEOmifi. macrochirus) was most sensitive (LC5() - 500 pg/L). 

Only phenanthrene and fluorene were used in chronic tests, 
and the midge (Chironomus plurnosusl was more resistant to 
fluorene toxicity than Daphnia magna (Table E-22). Two species 
were used for phenanthrene tests, and Daphnia magna (95% 
Chronic index - 590-840 pg/L) was more resistant than the 
rainbow trout (95% chronic index - 10-90 pg/L). There are 
data available which indicate that benzo(a)pyrene will 
bioaccumulate. In Daphnia magna the bioconcentration factor 
(BCF) is 134,248 and in the eastern oyster (Crassostrea 
virginica) the BCF is 242 (Table E-23). 

Regulations and Standards 

There are no federal Ambient Water Quality Criteria 
available for any of the PAHs of interest. The lowest observed 
effect level for salt water is 300 pg/L for acute exposure. 
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TABLE E-21 
ACDTE TOXICITY OF PAHs TO AQUATIC ORGANISMS 

Speciea 

FRESH HATER SPECIES 

Bluegill, 
Lepomia macrochirua 

Sandworm, 
Heanthftg arenaceodentata 

Sandworm, 
Nganthes arenaceodentata 

Sandworm, 
WffiHlthftfl arenaceodentata 

Bluegill, 
Lepomia macrochirua 

Bluegill, 
Lepomia macrochirua 

FRESH HATER SPECIES 

Amphipod, 
Gammarun pwirfnnmnap.ni 

Rainbow trout, 
Salmo aairdneiri 

Fathead minnow, 
PimephalflS oromelaa 

Sandworm, 
Neanthee arenceodentata 

Chemical Concentration (ug/Ll Effect 

Benz(a)anthracene 

Benzo(a)pyrene 

Chrysene 

fluoranthene 

fluorene 

fluorene 

fluorene 

fluorene 

fluorene 

phenanthrene 

1000 

>1000 

>1000 

500 

500 

910 

600 

820 

>100,000 

370 

LCg7 (6 mos) 

LC50 (96 h) 

LC50 (96 h) 

LC50 (96 h) 

LC12 (30 d) 

LCgo (96 h) 

LCso (96 h) 

LC50 (96 hr) 

LCQ (96 hr) 

LC50 (24 hr) 
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Reference 

EPA, 1980 

Neff, 1979 

Neff, 1979 

Neff, 1979 

Finger et al., 1985 

Finger et al., 1985 

Finger et al., 1985 

Finger et al., 1985 

Finger et al., 1985 

Neff, 1979 



£S££i£3 

SALT WATER SPECIES 

Grass shrimp, 
Palaemonetes pugio 

Sheepshead minnow, 
CypyiTOdon varieaatus 

Grass shrimp 
Pa 1 agmnnot-an pugio 

TABLE E-21 (Continued) 

Chemical Concentration (no/Li 

fluorene 320 

fluorene 1680 

phenanthrene 370 

9137H 6020-006-270 

Effect 

LCSQ (96 hr) 

LC50 (96 hr) 

LCgg (24 hr) 

Reference 

Heff, 1979 

Neff, 1979 

Neff, 1979 



TABLE E-22 
CHRONIC TOXICITY OF PAHs TO AQUATIC ORGANISMS 

Special 
FRESH WATER SPECIES 

Midge, 
Chi rmMffliwi p1 

Cladoceran, 
Daohnia magna 

Cladoceran, 
Daohnia magna 

Rainbow trout, 
SalfflG aairdeneri 

Ohemirai 

fluorene 

fluorene 

phenanthrene 

phenanthrene 

95% chronic index (ua/L) 

1900-3000 

330-550 

590-840 

10-90 
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Reference 

Mayer and Ellersieck, 1986 

Mayer and Ellersieck, 1986 

Millman et al., 1984 

Millman et al., 1984 



TABLE E-23 
BIOCONCENTRATION FACTORS FOR PAH 

Spggieg Duration BCF 

Cladoceran, Benzo(a)pyrene 3 days 134,248 
Paphnia sasna 
Eastern oyster, Benzo(a)pyrene 14 days 242 
Crassostrea virainica 

9137H 6020-006-270 
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Lu et al., 1977 

Couch et al., 
In Press 



POLYCHLORINATED BIPHENYLS 

Background Information 

Polychlorinated biphenyls (PCBs) are chlorinated 
derivatives of a class of aromatic organic compounds called 
biphenyls. Currently there is no production of PCBs in the 
United States as the sole manufacturer stopped production in 
1974. Due to the long life of many products containing PCBs it 
is believed that a substantial portion of the PCBs previously 
manufactured are still in use, and thus represent potential 
future discharge into the environment (USEPA, 1980). PCBs are 
used in heat transfer fluids, hydraulic fluids, plasticizers, 
lubricants, and fluids in vacuum pumps and compressors. 

PCBs consist of a mixture of chlorinated biphenyls which 
contain a varying number of substituted chlorine atoms on the 
aromatic rings. The biphenyl molecule has ten sites where 
chlorine substitution can occur, and 209 isomers are possible. 

Chemical and Physical Properties 

These data are for Aroclor® 1248. 

ProDertv Value Reference 

Chemical formula variable USEPA, 1980 
Molecular weight 299.5 ATSDR, 1987 
Boiling point 340-375°C ATSDR, 1987 
Melting point unknown ATSDR, 1987 
Water solubility* 0.06 mg/L @ 24°C ATSDR, 1987 
Vapor pressure 4.94xl0~4 mmHg ATSDR, 1987 
Henry's Law constant 2.8xl0~3 atm-m3/mol ATSDR, 1987 
Koc 54,626 ml/g ATSDR, 1987 
Log10 Row 6.2 L/kg ATSDR, 1987 

*Solubility of PCBs decreases with increasing chlorination. 
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Fate and Transport 

Polychlorinated biphenyls are a family of compounds which 
vary widely in physical and chemical properties. In general, 
PCBs are extremely resistant to oxidation and strongly 
resistant to both acidic and basic hydrolysis. Some photolysis 
may occur on the highly chlorinated PCBs, and each may lose at 
least one chlorine atom annually. 

Volatilization and sorption play a greater role in the 
fate of PCBs than do the above mentioned factors. 
Volatilization of PCBs is thought to account for their 
ubiquitous distribution. It has been suggested by Mackay and 
Wokloff (1973) that volatilization results from the entrainment 
of solute molecules in the stream of evaporating water 
molecules. The rate at which molecules are carried off is 
determined by the surface concentration of the solute and the 
evaporative rate of the water. Volatilization from sediments 
and soil is a much slower process than volatilization from 
water. Adsorption to sediments is the major non-destructive 
process affecting PCBs after introduction to the aquatic 
environment. PCBs have a high affinity for suspended solids, 
especially those high in organic carbon. Sediments in soil-
water systems can serve as a reservoir for re-solution of 
PCBs. Release of these compounds by sediments can cause 
long-term pollution. 

As PCBs are adsorbed strongly to organic sediments, they 
are also strongly bioaccumulated. Their resistance to 
biodegradation also makes them very persistent in organisms. 
The potential for bioaccumulation of PCBs is directly related 
to the number of chlorines. The more highly chlorinated 
species have a greater octanol/water partition coefficient and 
are also more resistant to biodegradation (Metcalf et al., 
1975). 

PCB compounds which have four chlorines or less can be 
biodegraded while those having five chlorines or more per 
molecule are quite resistant to biodegradation. Hydroxylation 
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by microbial oxidation is the mechanism of biodegradation, and 
the biodegradability of PCBs is a function of the number of C-H 
available for hydroxylation. Rates of biodegradation depend on 
the distribution of biota, concentration of PCBs, temperature, 
and availability of nutrients. 

Ecotoxicology 

The ecotoxicology data reported in this section comes from 
the U.S. EPA Ambient Water Quality Criteria document on PCBs 
(U.S. EPA, 1980). In toxicity tests of fresh water species it 
was shown that juvenile fathead minnow are less sensitive to 
Aroclor® 1242 than their adult counterparts (Table E-24). 
Adult fathead minnows (Pimephales promelas) were shown to have 
a slightly higher tolerance to Aroclor® 1242 than to 
Aroclor® 1254. Among the salt water species tested, the 
eastern oyster (Crassostrea viroinical was most sensitive in 
comparison to two species of shrimp. The oysters were equally 
sensitive to Aroclor® 1016, 1248, and 1254, having LC5Q or 
ED50 values of 10.2 ng/L, 17 jig/L, and 14 ng/L, 
respectively . The grass shrimp (Palaemonetes puoio) exhibited 
approximately equal sensitivity to Aroclor® 1016 as did the 
eastern oyster. 

In the chronic toxicity tests using the fathead minnow, 
Aroclor® 1248 was shown to be the most toxic Aroclor®, 
having a chronic value of 0.2 jig/L (Table E-25). The midge 
(Tanytgysus dissimilis) was also relatively sensitive, having a 
chronic value of 0.8 ng/L for Aroclor® 1254. Daohnia magna 
was more tolerant to Aroclor® 1254, as the chronic value was 
15 pg/L. 

Only one salt water species was tested, the sheepshead 
minnow (Cyprinodon vanegatus). The sheepshead minnow was more 
sensitive to Aroclor® 1254 (value • 0.098 ng/L) than to 
Aroclor® 1016 (value « 7,14 ng/L). Chronic exposures to 
Aroclor's® produced pathological effects seen in acute tests 
including fungus-like lesions on the body and reduced feeding 
(Hansen et al., 1973). Table E-26 contains other toxicity test 
values reported in the literature. 
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TABLE E-24 
ACUTE TOXICITY OF POLYCHLORINATED BIPHENYLS TO AQUATIC ORGANISMS 

Species 

FRESH WATER SPECIES 

Scud, 
G««WtUB fasciatus 

Scud, 
gfflBIPruS pseudol imnaaus 

Damselfly, 
lachnUFfl verticalis 

Fathead minnow, 
Pimephalefl promelas 

SALT WATER SPECIES 

Eastern oyster, 
CrftBBQgtFW virainica 

Eastern oyster, 
CcaBBQBttrea virainica 

Eastern oyster, 
CfBBBPBtCBfl virainica 

Eastern oyster, 
Crassostrea virqinica 

Grass shrimp, 
Palaemonetes puaio 

Method Chemical LC5Q or EC50 Reference 

S,U 

FT, M 

FT,M 

FT,M 

FT,U 

FT,U 

FT,U 

FT,U 

FT,U 

Aroclor® 
1248 

Aroclor® 
1248 

Aroclor® 
1242 

Aroclor® 
1242 

Aroclor® 
1016 

Aroclor® 
1248 

Aroclor® 
1254 

Aroclor® 
1260 

Aroclor® 
1016 

52 

29 

400 

15 

10.2 

17* 

14** 

60** 

12.5 

Mayer et al., 1977 

Nebeker & Puglisi, 
1974 

Mayer et al., 1977 

Nebeker, et al., 1974 

Hansen et al., 1974a 

Lowe, undated 

Lowe, undated 

Lowe, undated 

Hansen et al., 1974a 

S = static, FT = flow-through, U = unmeasured, M = measured 

EC5Q based on decreased growth of oysters 
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TABLE E-25 
CHRONIC TOXICITY OF POLYCHLORINATED BIPHENYLS TO AQUATIC ORGANISMS 

Species 

FRESH WATER SPECIES 

Limits Chronic Value 
Test Chemical (|io/L) <flo/L) Reference 

Cladoceran, LC 
Paphnia magna 

Cladoceran, LC 
Daohnla magna 

Midge, LC 
Tanytapsus diasimilis 

Scud, LC 
Gawmarps PSeudolimnaeus 

Fathead minnow, 
Pimpphales promelas 
Fathead minnow, 
Piroephales promelas 

Fathead minnow, 
Pimeohales promelas 

Fathead minnow, 
Plmephales promelas 
SALT WATER SPECIES 

LC 

LC 

LC 

Aroclor® 2.5-7.5 
1248 

Aroclor® 1.2-3.5 
1254 

Aroclor® 0.5-1.2 
1254 

Aroclor® 2.2-5.1 
1248 

Aroclor® 0.1-0.4 
1248 

Aroclor® 1.3-4.0 
1260 

Aroclor® 5.4-15.0 
1242 

LC Aroclor® 1.8-4.6 
1254 

4.3 

2.1 

0.8 

3.3 

0.2 

2.3 

9.0 

2.9 

Nebeker and Puglisi, 
1974 

Nebeker and Puglisi, 
1974 

Nebeker and Puglisi, 
1974 

Nebeker and Puglisi, 1974 

DeFoe et al., 1978 

DeFoe et al., 1978 

Nebeker et al., 1978 

Nebeker et al., 1978 

Sheepshead minnow, 
Cyprinodon varieaatus 
Sheepshead minnow, 
Cypcinodon varieaatus 

ELS 

ELS 

Aroclor® 3.4-15.0 
1016 

7.14 

Aroclor® 0.06-0.16 0.098 
1248 

Hansen et al., 1975 

Schiimnel et al., 1974 

LC = life cycle or partial life cycle, ELS = early life state 
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TABLE E-26 
OTHER DATA FOR POLYCHLORINATED BIPHENYLS 

Sneciea 

FRESH WATER SPECIES 

rhwnirâ  Pvffation Effect Result (ug/L) 

Cladoceran, 
Daphnia magna 

Rainbow trout, 
SalTO oairdneri 

Fathead minnow, 
Piroephalea ptomelas 

Kink, 
Kustela yison 

Mink, 
Hustela vison 

SALT WATER SPECIES 

Aroclor® 
1248 

Aroclor® 
1248 

Aroclor 
1248 

Aroclor® 1254 

PCB residues 

2 weeks LCgg 

25 days LC50 

30 days LC50 

1 year Depressed 
growth 

2.6 

3.4 

4.7 

4 months Reduced 1.0 ng/g 
reproduction 

10 ug/g 

Eastern oyster, 
Crassostrea viroinica 

Grass shrimp 
Palaemonetes ouoio 

Pink shrimp, 
PenaevB duorarum 

Aroclor® 1254 

Aroclor® 
1248 

24 weeks 

Aroclor® 1254 4 days 

48 hours 

Reduced 
growth 

Water efflux 
affected and 
altered meta
bolic state 

LC50 

5.0 

25-45 

32 

Sheepshead minnow, 
(adult) 
Cvorinodon varieoatus 

Aroclor® 1254 28 days Lethargy, 10 
reduced feeding 
fin-rot, 
mortality 
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Reference 

Kebeker and 
Puglisi, 1974 

Mayer et al., 1977 

DeFoe et al., 1978 

Ringer et al., 1972 

Aulerich et al., 1973 

Lowe et al., 1972 

Roesljadi et al., 
1976a,b 

Lowe, undated 

Hansen et al., 1973 



TABLE E-26 (Continued) 
OTHER DATA FOR POLYCHLORINATED BIPHENYLS 

S£fi£i£S Chemicals Pwation Effect Result (im/L1 Reference 
Sheepshead minnow, Aroclor® 1254 21 days Mortality 10 Schimnel et al., 1974 
(juvenile) 
Cyprinodon varieoatus 
Sheepshead minnow, Aroclor® 1254 28 days Affected 0.14 Hansen etal-, 1973 
CyprAncdon varieoatus reproduction* 

•Significantly affected hatching of embryos or the survival of fry from exposed adults. 
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Aquatic organisms can bioaccumulate total body 
concentrations of PCBs hundreds to thousands of times greater 
than the surrounding water (Gooch and Hamdy, 1983). 
Bioaccumulation can occur through ingestion of contaminated 
food organisms or by direct absorption through the integument. 
Nisbet and Sarofim (1972) reported higher concentrations of 
PCBs in plankton than in fish, indicating that direct 
absorption is the primary route of accumulation. 
Bioconcentration factors for fresh water and salt water species 
are presented in Table E-27. 

Most fish lack the capacity to metabolize the higher 
chlorinated cogeners, and in trout they have half-lives in 
excess of several hundred days (Cordle, Locke, and Springer, 
1982). 

Regulations and Standards 

The federal Ambient Water Quality Criteria (AWQC), for 
protection of aquatic life are as follows: 

Fresh water (nq/b) Salt water (iia/L) 
Acute Chronic Acute Chronic 

2.0 0.014 10 0.03 

The FDA action level (marketability for human consumption) 
for fish and shellfish is 5000 (ig/kg. 
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TABLE E-27 
BIOCONCENTRATION FACTORS FOR POLYCLORINATED BIPHENYLS 

Species 

FRESH WATER SPECIES 

Cladoceran, 
Daphnia magna 

Scud, 
fiflfflffianifl paaudnl irnnaaua 

Phantom midge, 
Chaoborwa Punctipennis 

Fathead minnow (female) 
Pjuwptalea promelae 

Fathead minnow (female) 
Pimephaiefi promelas 

Fathead minnow (male) 
Pimephalea promelae 

Bluegill, 
Lepoaia macrochirua 

Channel catfish, 
Ictalurua Punctatue 

SALT WATER SPECIES 

Eastern oyster, 
CragBQgtrea virainica 

Tissue 

Whole body 

Whole body 

Whole body 

Whole body 

Whole body 

Whole body 

Whole body 

Whole body 

Dwmiral 

Aroclor® 
1254 

Aroclor® 
1248 

Aroclor® 
1254 

Aroclor® 
1248 

Aroclor® 
1260 

Aroclor® 
1242 

Aroclor® 
1248 

Aroclor® 
1248 

Bioconcentration 
Factor 

3,800 

Duration (days) 

108,000 

2,700 

120,000 

270,000 

274,000 

52,000 

56,400 

60 

14 

240 

240 

255 

77 

77 

Reference 

Mayer et al., 1977 

Nebeker and Puglisi, 1974 

Mayer et al., 1977 

DeFoe et al., 1978 

DeFoe et al., 1978 

Nebeker et al., 1974 

Stalling, 1971 

Mayer et al., 1977 

Edible portion Aroclor® 
1016 

13,000 84 Parrish et al., 1974 
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TABLE E-27 (Continued) 
BI©CONCENTRATION FACTORS FOR POLYCHLORINATED BIPHENYLS 

Species 

Eastern oyster, 
CraaSOBtCea virainica 

Grass shrimp, 
Palaemonetes puoio 

Blue crab, 
Calliuectes sapidus 

Sheepshead minnow (adult) 
Cyprinodon varieaatus 

Sheepshead minnow 
(juvenile), 
Cypcinodon variecatus 

Sheepshead minnow (fry), 
Cypginodon varieaatus 

Tissue Chemical 

Edible portion Aroclor® 
1254 

Whole body Aroclor® 
1254 

Whole body Aroclor® 
1254 

Whole body Aroclor® 
1016 

Whole body Aroclor® 
1016 

Whole body Aroclor® 
1016 

Bioconcentration 
Factor 

101,000 

27,000 

>230,000 

25,000 

43,100 

14,400 

Pwation (days) Reference 

245 Lowe et al., 1974 

16 

28 

28 

28 

Nimno et al., 1974 

Field data Nimno et al., 1975 

Hansen et al., 1975 

Hansen et al., 1975 

Hansen et al., 1975 
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ZINC 

Background Information 

Zinc is a metallic element occuring in nature in the zero 
valence (metal and alloys) and +2 valance (compound) states. 
It is ubiquitous in the environment and is present in most 
foodstuffs, water, and air. Seafoods, meats, whole grains, 
dairy products, nuts and legumes are high in zinc content, 
while vegetables are lower. 

Zinc is widely used in galvanizing processes, in paints, 
and as a wood preserver. Various zinc salts have been employed 
in medicinal preparations such as topic astringents, 
antiseptics, and antifungal agents. 

Zinc is associated with relatively low toxicity and is an 
essential trace element for humans and other mammals (National 
Research Council, 1978). It is necessary for many enzyme 
reactions, protein synthesis, and carbohydrate metabolism. 

Chemical and Physical Properties 

Property Value Reference 

Molecular weight 
Boiling point 
Melting point 
Water solubility 

Vapor pressure 
Henry's Law constant 
*10 ow 

Kd 

65 
907°C 
419.58°C 
Insoluble; 
some salts are 
soluble 
NA 
NA 
NA 
16 

USEPA, 1986 
Clement, 1985 
Clement, 1985 
Clement, 1985 

USEPA, 1986 

Baes and 
Sharp, 1983 
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Fate and Transport 

There is no evidence to indicate that volatilization is an 
important aquatic fate of zinc. Alkyl zinc compounds are 
unstable in water and oxygen, therefore, volatile methylated 
compounds are probably not formed in aquatic environments. 

The dominant fate of zinc in aquatic environments is 
probably sorption by hydrous metal oxides, clay minerals, and 
organic materials. The concentrations of zinc in suspended and 
bed sediments always exceed concentrations in ambient waters 
(USEPA, 1979). In general, the smaller grain size sediments 
adsorb higher concentrations of zinc than do large grain 
sediments. 

The composition of solids in water plays a role in how 
zinc will be transported. Where the solids are mostly 
dissolved, the zinc is transported in solution as the hydrated 
cation or complexed species (Degroot and Allersma, 1975). 
Conversely, when suspended solids make a high proportion of the 
total solids load, most of the zinc will be transported sorbed 
to the suspended particles (Kubota et al., 1974). 

The tendency of zinc to be adsorbed is a pH-dependent 
process. Below pH 6, little or no zinc is adsorbed, but when 
the pH exceeds 7 zinc is completely removed from solution. It 
has also been found that zinc is dissolved from sediments as 
salinity increases (Hels et al., 1975). 

No evidence has been found to indicate that photolysis 
affects the fate of zinc. 

Zinc is bioaccumulated by all organisms, and it occurs 
even in the absence of abnormally high zinc concentrations 
since it is an essential nutrient. The chemical form in which 
zinc occurs has a great effect on its availability for 
bioaccumulation. Zinc is readily accumulated from detrital 
organic materials, but little uptake occurs when zinc is 
co-precipitated with hydrous iron or manganese oxides. 
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Ecotoxicology 

The ecotoxicological data in this section are reported in 
the U.S. EPA Ambient Water Quality Criteria document on zinc 
(U.S. EPA, 1987). 

Zinc is bioaccumulated by marine and fresh water fish via 
both food and water. Bioconcentration factors (BCF) in aquatic 
organisms, listed in Table E-28, range from 51 to 23,820. 

Acute toxicity tests for fresh water animals reported in 
the Ambient Water Quality Criteria Document Table 1 had mean 
values ranging from 50.7 to 88,960 pg/L. Daphnia magna was 
particularly sensitive (525 ng/L) while the banded killifish 
(Fundulus diaphanus) was less sensitive (19,200 pg/L) as shown 
in Table E-29. The same trend was seen among the saltwater 
species as invertebrates such as the mussel and mysid shrimp 
were more sensitive than Fundulus. 

In the salt water species chronic test only one species, 
the mysid shrimp (Mvsidopsis bahial. was reported. The chronic 
value of 166 iig/L is within the trend of invertebrate 
sensitivity (Table E-30). Table E-31 reports other toxicity 
testing values for aquatic organisms' exposure to zinc. 

Regulations and Standards 

The federal Ambient Water Quality Criteria (AWQC) for 
protection of aquatic life are as follows: 

Fresh water (po/L) 
Acute Chronic 

Salt water (uo/L) 
Acute Chronic 

120 110 95 86 
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TABLE E-28 
BIOCONCENTRATION FACTORS FOR ZINC 

Species 

FRESH WATER SPECIES 

Stonefly, 
Pteronarcvs californica 

Atlantic salmon, 
Salma salar 

Mayfly 
Ephemepella arandis 

SALT WATER SPECIES 

Softshell clam (adult) 
Mya aronaria 

Eastern oyster (adult) 
Crassostrea viroinica 

Tissue Chemical 

Whole body Zinc sulfate 

Whole body Zinc sulfate 

Whole body Zinc sulfate 

Soft tissue Zinc chloride 

Soft tissue Zinc chloride 

§££ Duration (days) 

106 14 

51 80 

1,130 14 

135 49 

23,820 126 

Reference 

Nehring, 1976 

Farmer et al., 1979 

Nehring, 1976 

Schuster and Pringle, 1968 

Schuster and Pringle, 1968 
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TABLE E-29 
ACUTE TOXICITY OF ZINC TO AQUATIC ORGANISMS 

Ses&ifiS Method 

FRESH HATER SPECIES 

Cfofirioal 
Hardness 

(aa/L as CaC03) LCgp or ECgq (ua/L)' Reference 

Cladoceran, S,M 
Daphnia roaana 

Midge, 
Chironmus sp. 
Banded Killifish, S,M 
Fundulus dlanhanus UBSBWRH XWBCISUm 

Zinc Chloride 105 

50 

55 

525 

18,200 

19,200 

Chapman et al., 
manuscript 

Rehwoldt et al., 1973 

Rehwoldt et al., 1972 

SALT HATER SPECIES 

Quahog clam (embryo), S,U 
Mercenaria mercenaria 

Zinc Chloride 195 Calabrese and Nelson, 
1974 

Mussel, F,M 
Mytilus adulifi p3,anu),tus 
Mussel, F,M 
Hvtilus edulis planultus 

Mysid (juvenille) 
Mysidopsis bahia 

Green crab (adult) 
Carcinus meanus 

F,M 

Zinc Chloride 

Zinc Chloride 

Zinc chloride 

Zinc Sulfate 

3,600 

4,300 

499 

14,500 

Ahsanullah, 1976 

Ahsanullah, 1976 

Luasier et al. 1985 

Connor, 1972 

Mummichog (adult) S,U 
Fundulus heteroclitus 

Zinc Chloride 60,000 Eisler and Hennekey, 
1977 
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TABLE E-29 (Continued) 
ACUTE TOXICITY OF ZINC TO AQUATIC ORGANISMS 

Species Method 

Mismnichog (larvae) S,U 
FwwfalllB heteroclitua 

Hardness 
Chftmiua), 

Zinc Chloride 

LC50 or ECgq (ug/L)** 

83,040 

S = static; F = flow through; M = measured; U = unmeasured, 
results are expressed as zinc, not as the compound. 

Reference 

Cardin, 1985 
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TABLE E-30 
CHRONIC TOXICITY OF ZINC TO AQUATIC ORGANISMS 

Hardness 
Species lest Chemical (ma/L as CaCQ3) Limits (ua/L) 

FRESH WATER SPECIES 

Cladoceran, LC Zinc chloride 211 42-52 
Paphnia magna 

Fathead minnow, LC Zinc sulfate 46 78-145 
Pimephales prnm»iaa 

SALT WATER SPECIES 

Mysid shrimp, LC Zinc chloride - 120-231 
Mvsidopsis bahia 

9137H 6020-006-270 

Chronic 
Value (ng/L) Reference 

46.73 Chapman et al., 
manuscript 

106.3 Benoit and 
Holcombe, 1978 

166.5 Lussier et al., 1985 



TABLE E-31 
OTHER DATA FOR ZINC 

Effect Result 

LC50(15°C) 1,100 

LC50 36.8 

Delayed 50 
development 

LC100 157,000 

LC50 195.4 

LC50 7,700 

LC50 5,200 

Reference 

Cairns et al., 1978 

Anderson et al., 1980 

Benijts-ClauB and 
Benljts, 1975 

Eisler, 1967 

Calabrese et al., 1977 

Eisler and 
Hennekey, 1977 

Eisler, 1977a 

Species 

FRESH WATER SPECIES 

Cladoceran, 
Daphnia magna 

Midge, 
Tanytargus dissimilis 

SALT WATER SPECIES 

Crab (larvae), 
Rhithropanopeus harrisi 

Mtaimichog (adult), 
Fundulus heteroclitus 

Quohog clam (larva), 
Hercenaria mercenaria 

Chemical Duration 

Growth 125 
inhibition 

Brereton et al., 1973 

Zinc sulfate 48 hrs 

Zinc chloride 10 days 

Zinc chloride 16 days 

Zinc chloride 48 hrs 

Zinc chloride 10 days 

Soft-shell clam (adult). Zinc chloride 
Mys arenaria 

Soft-shell clam (adult). Zinc chloride 
Mya arenaria 

Oyster (larvae). Zinc sulfate 6 days 
Crassostrea gigas 

* Results are expressed as zinc, not the compound. 
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APPENDIX F 
PREDICTION OF SEDIMENT PORE WATER AND 

CHANNEL WATER CONTAMINANT CONCENTRATIONS 
AT THE UOP SITE IN EAST RUTHERFORD, NJ 

F.l Introduction 

Numerous data have been collected on sediment and channel 
water contaminant concentrations in the tidal channels at the 
UOP site (see Table G-l). These data were collected at various 
points within the channels, and so, taken as an aggregate, they 
yield a reasonable survey of the contaminant concentrations at 
the site. The purpose of this analysis is to develop data in 
media where the existing database is insufficient. This is the 
case for pore water contaminant concentrations in the 
sediments. No data exist, but data are needed for the risk 
assessment. This analysis also estimates channel water 
contaminant concentrations for which data do exist but the 
database consists of mostly non-detected values for which the 
detection level is too high to be useful in the assessment. 
After developing the above mentioned databases, this section 
provides estimates of the mean and standard deviation for the 
indicative organisms in each of the three media: sediment, 
pore water, and channel water. 

The first step of the analysis was the generation of an 
areally averaged sediment concentration. A Monte Carlo 
algorithm was then used to arrive at a probability distribution 
for pore water contaminant concentration. An analytic 
algorithm was employed to estimate the channel water 
concentration that arises from the mixing of sediment pore 
water with the over-lying water. [In the case of organic 
contaminants, suspension of bed sediments is also considered in 
the estimation of channel water contamination.] 
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F.2 Calculation of Average Sediment Concentration 

Three different sediment sampling programs have taken 
place at the UOP site in the years 1985 through 1988. Of the 
many parameters analyzed, attention in this effort was focused 
on seven organic and seven inorganic contaminants. The site of 
each sample within any sampling program was assumed to be 
representative of the channel area adjacent to the sampling 
point. Thus, the area between two sampling points was divided 
equally between the two points until the entire channel system 
was partitioned. This allocation was done separately for the 
three sampling programs. The area associated with each sample 
was measured on site maps using a planimeter. The weight given 
each location is listed in Table F-l. 

In order to estimate the channel-wide average sediment 
concentration, the measured concentration at a sampling station 
was multiplied by the fraction of the total channel area 
assumed to be represented by that point in the channel. The 
resulting products were summed to arrive at an areal average. 
The standard deviation about this mean was calculated as 
described in Mendenhall et al. (1981). Samples that yielded 
concentrations below the analytic detection limit were 
discarded from the analysis as outliers unless the detection 
limit was within one order of magnitude of the range of 
detectable samples. In that case the concentration was assumed 
to be one-tenth of the detection limit. Samples taken across 
the channel width (1986 data) were similar and their average 
was used to represent that point along the channel length. The 
resulting distributions were, based on visual inspection, 
logiO normally distributed. Results of this portion of the 
analysis are presented in Table F-2. For Aroclor® 1248, 
total chromium, and mercury, data were collected under all 
three sampling programs. The data from each sampling program 
are presented separately in this effort and are expressed in 
terms of dry weight. Total PCB was the analyzed parameter in 
the first sampling round, but was assumed to be Aroclor® 1248. 
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TABLE F-l 
WEIGHTS ASSIGNED EACH SAMPLING STATION 

IN THE CALCULATION OF AREAL MEAN SEDIMENT CONCENTRATIONS 
AT THE UOP SITE IN EAST RUTHERFORD, NJ 

STATION «cn==3=3======uEIGHTS GIVEN EACH STATION FOR CONTAMINANTS LISTED(*)=«»"« 

*3 
LO 

B(a)A B(a)P CHRYSENE AROCLOR 1248 1,2-DICHLOROBENZENE 1,2-DIPHENYLHYDRAZINE PHENOL DEHP ARSENIC TOTAL CHROMIUM CHROMIUM 6* LEAD ZINC CADMIUM MERCURY 

PHASE 2 

SS1 0.00 0.00 0.00 0.00 0.09 0.00 0.09 0.00 0.09 0.09 0.09 0.09 0.09 0.00 
SS2 0.23 0.23 0.23 0.20 0.16 0.19 0.16 0.23 0.16 0.16 0.16 0.16 0.16 0.32 
SS3 0.38 0.38 0.38 0.00 0.19 0.34 0.19 0.38 0.19 0.19 0.19 0.19 0.19 0.00 
SS4 0.00 0.00 0.00 0.00 0.12 0.00 0.12 0.00 0.12 0.12 0.12 0.12 0.12 0.00 
SS7 0.00 0.00 0.00 0.09 0.05 0.08 0.05 0.00 0.05 0.05 0.05 0.05 0.05 0.09 
SS8 0.03 0.03 0.03 0.34 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.22 
SS10 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
SS11 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 

FALL 1986 

4BT 0.12 0.12 0.12 
5B 0.07 0.07 0.07 
6BT 0.13 0.13 0.13 
15BT 0.68 0.68 0.68 

FALL 1988 

Aa 
Ab 
Ac 
Ba 
Bb 
Be 
Ca 
Cb 
Cc 

0.04 
0.03 
0.09 
0.13 
0.06 
0.04 
0.48 
0.04 
0.08 

0.04 
0.03 
0.09 
0.13 
0.06 
0.04 
0.48 
0.04 
0.08 

0.04 
0.03 
0.09 
0.13 
0.06 
0.04 
0.48 
0.04 
0.08 

0.17 
0.00 
0.00 
0.24 
0.06 
0.03 
0.50 
0.00 
0.00 

0.04 
0.03 
0.09 
0.13 
0.06 
0.04 
0.48 
0.04 
0.08 

(*) NOTE: ONLY PARAMETERS COLLECTED IN A GIVEN SAMPLING PROGRAM ARE DESCRIBED. 
SAMPLING STATIONS DISCARDED FROM THE ANALYSIS, OR FOR WHICH SAMPLES WERE NOT ANALYZED, 
HAVE WEIGHTS LISTED AS ZERO AND THEIR WEIGHTS WERE DIVIDED AMONGST NEIGHBORING STATIONS. 



TABLE F-2 
AREALLY AVERAGED CHANNEL SEDIMENT CONCENTRATION 

AT THE UOP SITE IN EAST RUTHERFORD, NJ 

Concentration Distributions are log(10)normal 
and are presented in ppm. 

Contaminant 

"I I" 
Sediment Concentration 

• i 
| Mean of the log | 
| Transformed Data | 

10AMean 
<Pfw) 

Standard Deviation 
of log Data 

|Benzo(a)anthracene 1 -1.09 | 8.10E-02 0.42 
|Benzola)pyrene | -0.67 | 2.10E-01 0.39 
|Chrysene | -0.64 j 2.30E-01 0.44 
|Arochlor 1248 (1) (*) | 1.38 | 2.42E+01 1.08 
|Arochlor 1248 (2) I 2.27 | 1.88E+02 0.11 
|Arochlor 1248 (3) I 1.24 | 1.73E+01 0.56 
|1-2-DichIorobenzene | -0.38 | 4.20E-01 1.14 
|1-2-DiPhenylhydrazine j -0.94 | 1.10E-01 0.66 
|Phenol | -0.29 | 5.10E-01 0.75 
|DEHP 1 0.66 j 4.57E+00 0.47 
|Arsenic 1 1-33 j 2.15E+01 0.59 
|Total Chromium (1) I 2.54 | 3.47E+02 0.58 
|Total Chromium (2) I 2.83 | 6.79E+02 0.82 
|Total Chromium (3) I 3.40 | 2.52E+03 0.50 
|Chromiun 6+ | 0.16 j 1.40E+00 0.54 
|Lead I 1.69 j 4.90E+01 0.22 
|Zinc I 2.33 j 2.14E+02 0.27 
|Cadmium I 0.15 j 1.40E+00 0.38 
|Mercury (1) I 1-16 | 1.43E+01 0.34 
|Mercury (2) I 1-04 | 1.09E+01 0.60 
|Mercury (3) I 1.16 | 1.44E+01 0.46 

* Note: Estimates are presented based upon three sampling programs. 
1: Work reported under Phase 2 investigation. 
2: Sampling done in the Fall of 1986. 
3: Sampling done in the Fall of 1988. 
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F.3 Calculation of Average Pore Water Concentration 

The equilibrium relationship between sediment contaminant 
concentration and pore water concentration is described by the 
distribution coefficient (K^) such that: 

Vcp - Kd' <x> 

where C is sediment concentration and C is pore water s P 
concentration. For the purposes of this analysis/ equilibrium 
will be assumed between sediment solids and pore water. This 
assumption results in the prediction of the highest possible 
pore water concentration and so is conservative. 

For risk assessment, the average pore water concentration 
is of interest. In order to estimate this value, a Monte Carlo 
simulation (as described in Marr and Canale, 1988 and USEPA, 
1985 and as used in the water quality model DYNTOX (LimnoTech, 
1985)) was pursued using the probability distributions of 
sediment concentration and contaminant K,. The simulation d 
randomly picked values of sediment concentration and K, from d 
their respective distributions and used these values to 
estimate pore water concentration. This process was repeated 
900 times until a stable probability distribution was generated 
for the mean pore water concentration. 

Means and standard deviations of distribution coefficients 
for the inorganic species are available from Baes and Sharp 
(1983) and Rai and Zachara (1984). The distribution 
coefficient for organic species is commonly defined in terms of 
the sediment fraction organic carbon (f ) and the oc 
contaminant's organic carbon partition coefficient (KQC) such 
that: 

Kr» = * f • (2) d oc oc x ' 

Values of K for the organic contaminants of interest are U U 
available from Mabey et al. (1982). Sediment fraction organic 
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carbon was measured at a number of points in the site's 
channels (see Table D-3) and an areally normalized 
concentration distribution was generated for this parameter as 
described above. Probability distributions for for the 
organic compounds were generated by the multiplication of the 
f „ distributions by the contaminant's K oc oc 

The distributions of pore water concentrations resulting 
from this process were log1Q normally distributed and their 
means and standard deviations are presented in Table F-3. 

F.4 Prediction of Channel Water Concentration 

The sediments at the UOP site act as a source of 
contamination for the overlying channel water. For the 
purposes of modeling, the pore water concentration will be 
treated as a constant boundary condition at the bottom of the 
channel. This assumes that the sediment contamination will not 
change. In all probability, the concentration will decline 
over time although the decline may be tempered by the 
contribution of contaminants by groundwater discharge and soil 
erosion from upland areas of the site. These contributions 
will be evaluated in the Feasibility Study of Areas 1, 1A, 2 
and 5. 

Such an analytic algorithm is the one described by Mill 
et al. (1985) for the prediction of water contamination by the 
dissolution of a denser than water spill in a river. This 
algorithm assumes that the spill takes the form of a slick on 
the bottom of the river and that the boundary between the 
contaminant slick and the river water is formed by a layer of 
water saturated with the organic contaminant. Since the 
contaminants of interest are not present in a pure form, the 
assumption of a saturated boundary layer is unreasonable. For 
the purposes of this analysis, the boundary layer will be 
assumed to be the pore water concentration rather than the 
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TABLE F-3 
ESTIMATED AVERAGE SEDIMENT PORE WATER CONCENTRATION 

AT THE UOP SITE IN EAST RUTHERFORD, NJ 

Concentration Distributions are log(10)normal 
and are presented in ppm. 

Contami nant 
Estimated Pore Water Concentration 

| Mean of the log | 
| Transformed Data | 

10*Mean 
(ppm) 

Standard Deviation 
of log Data 

| Benzol a) anth racene I "5.59 | 2.60E-06 0.58 
|Benzo(a)pyrene I *5.79 | 1.60E-06 0.58 
|Chrysene I -4.25 j 5.60E-05 0.60 
|Arochlor 1248 (1) (*) | -2.49 | 3.20E-03 1.01 
|Arochlor 1248 (2) | -1.60 | 2.50E-02 0.33 
|Arochlor 1248 (3) I -2.52 | 3.00E-03 0.71 
11-2-D i chlorobenzene I . "2.05 | 9.00E-03 1.17 
|1-2-DiPhenylhydrazine I -1.92 | 1.20E-02 0.79 
|Phenol 1 0.24 | 1.70E+00 0.83 
|DEHP 1 *7.02 | 9.53E-08 0.63 
|Arsenic 1 0.50 | 3.20E+00 0.65 
|Total Chromium (1) 1 "0.79 | 1.60E-01 0.75 
|Total Chromium (2) 1 "0.51 | 3.10E-01 0.97 
|Total Chromium (3) | 0.07 | 1.20E+00 0.75 
|Chromium 6+ I -1.38 | 4.20E-02 1.09 
| Lead I -0.35 | 4.40E-01 0.76 
|Zinc I 1.17 | 1.49E+01 0.85 
|Cadmium | -0.68 | 2.10E-01 0.53 
|Hercury (1) | -0.96 | 1.10E-01 0.44 
|Mercury (2) I "1.09 | 8.20E-02 0.65 
|Mercury (3) | -0.97 | 1.10E-01 0.56 

* Note: Estimates are presented based upon three sampling programs. 
1: Work reported under Phase 2 investigation. 
2: Sampling done in the Fall of 1986. 
3: Sampling done in the Fall of 1988. 
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saturation concentration. The equation describing the water 
concentration after passage over the entire length of 
contaminated sediment is described by: 

Cw - t<Co - V*exp(-DCW*LS/B*H*U>1 • cp (3) 

Where C , C , and C are the post-spill river water, w o p  
pre-spill river water, pore water concentrations, 
respectively. D is the diffusion coefficient of the CW 
contaminant in water and B is the boundary layer thickness, a 
function of the hydraulic radius of the river, Manning's 
coefficient, water's viscosity and the water velocity. U is 
defined as the river water velocity, H is the water depth over 
the contamination source, and Lg is the length of the 
contamination source along the river's length. 

While this algorithm was meant to describe river flow, it 
can be applied to the tidal channels at the UOP site. It can 
be assumed that the tidal channels are, in effect, rivers whose 
direction of flow changes periodically. The average channel 
water was assumed to travel one-half the channel length or the 
in-flowing tide. Thus, L is the channel length. s 

Equation 3 assumes that the water flowing into the 
channels is contaminated with a concentration C . Since the o 
channels retain some portion of their water at low tide, CQ 
is a function of the channel concentration during the last 
tidal cycle. To account for this, equation 3 was modified so 
that CQ of the current tidal cycle is a fraction of the 
channel concentration in the previous tidal cycle. Assignment 
of a value to this fraction will be discussed below. The 
mixing equation then takes the form of: 

Cw<i + 1> " t<r*C„(i> " V«e*p<-D0W'LS/B.H.U>] +<V <4> 

where cw^ + 1j is channel water concentration in the current 
tidal cycle, is the channel water concentration during 
the previous cycle, and r is the proportion of the channel 
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volume retained between tidal cycles. This equation was solved 
iteratively until + reaches a steady-state value. 

Selection of parameter values was governed by knowledge of 
the site's hydrology and the behavior of the contaminants. The 
thickness of the boundary layer is a function of the viscosity 
of water, Manning's roughness coefficient, current velocity, 
and hydraulic radius. Values for the first two parameters were 
obtained from Chow (1964). The water velocity in the channel 
was assumed to 1.5 feet per second consistent with observations 
in the field. The total surface area of the tidal channels is 
150,000 square feet and the total length of the channels is 
6,600 feet (both as measured by planimetry of site maps). 
These two values were used to calculate an average channel 
width (23 feet). The average depth of the channels is assumed 
to be 4.5 feet at mean tide. From the average width and depth 
a hydraulic radius of 2.7 feet is computed (assumes the channel 
is rectangular). The average depth of the channels is 
4.5 feet; this approximates the mean tide condition and, again, 
is consistent with field observation. The average length of 
the channels was 2,300 feet as measured by planimetry. 

The diffusion coefficient of the contaminant in water was 
calculated as described in Lyman et al. (1982). This method 
depends upon the viscosity of water and the molar volume of the 
compound. For organic compounds, the molar volume was 
calculated by summing the incremental volume of the constituent 
atoms as described by Lyman et al. (1982). For the inorganic 
chemicals, the likely environmental form of the metal was 
identified in Stumm and Morgan (1981) and the molar volume was 
calculated using that form's molecular weight and density as 
described in CRC (1981). 

The value of the retention factor (r) used in equation 4 
was estimated assuming that one-half of the channels retained 
2 feet of water between tidal cycles. While this suggests that 
the channels retain approximately 15 percent of their water 
between cycles, a conservative value of 25 percent was employed 
in order to account for any contaminant that might be returned 
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from the creeks down the estuary. This is conservative since 
the creeks that the channels drain into have relatively high 
flow rates accounting for significant dilution factors. 

The use of equation 4 amounts to a linear transformation 
of the pore water concentration (C ). Given this, the pore 

rr water concentrations developed in the Monte Carlo simulations 
were multiplied by a constant to give channel water 
concentrations. These channel water concentrations were also 
found to be lo910 normally distributed and means and standard 
deviations of the log values were calculated. The results of 
this portion of the analysis are presented in Table F-4. It 
should be noted that the predictions developed in this analysis 
are consistent with data available on channel water inorganic 
contaminant concentration. 

[It should also be noted that the analysis described above 
ignores sorption of organic compounds to suspended sediment in 
the channels. This mechanism is addressed below.] 

F.5 Consideration of Sorption to Suspended Sediments 

In the analysis described in Section F.4, only dissolved 
species were considered. This ignores the contribution of 
suspended bed sediments to the total concentration observable 
in the channel. Because this process could be important to 
very hydrophobic compounds and because no organic compounds 
were detected in channel water to serve as calibration for the 
above model, efforts were made to include the effects of 
sorption for organic compounds. This was done by assuming 
that: 1) the total suspended sediment concentration in the 
channels is equal to the 5-year average value (28 ppm) observed 
at a nearby location in Berry's Creek (Konsevich, 1989), 2) 
that all of the suspended sediment is derived from the bed 
sediment and, so, 3) the suspended sediment is contaminated the 
same extent as the bed sediment. Thus, 

C = C * TSS ws s 
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TABLE F-4 
ESTIMATES OF AVERAGE CHANNEL WATER CONCENTRATION 

AT THE UOP SITE IN EAST RUTHERFORD, NJ 

Concentration Distributions are log(10)normal 
and are presented in ppm. 

Contaminant 

I I 
Estimated Channel Uater Concentration 

| Mean of the log | 
| Transformed Data | 

10AMean Standard Deviation 
of log Data 

| Benzola)anth racene 
"I I" 

I -8-27 | 5.40E-09 0.58 
|Benzo(a)pyrene | -8.49 | 3.30E-09 0.58 
|Chrysene I "6.93 j 1.20E-07 0.60 
|Arochlor 1248 (1) (*) I "5.15 | 7.10E-06 1.01 
|Arochlor 1248 (2) | -4.26 | 5.50E-05 0.33 
|Arochlor 1248 (3) I -5.18 j 6.60E-06 0.71 
11 - 2 - D i ch I or obenzene 1 -4.59 j 2.60E-05 1.17 
|1-2-DiPhenylhydrazine 1 -4.58 | 2.60E-05 0.79 
|Phenol 1 -2-22 | 6.00E-03 0.83 
|DEHP 1 "'-'I I 1.24E-10 0.63 
| Arsenic I "1.79 | 1.60E-02 0.65 
|Total Chromium (1) 1 -5-05 | 8.80E-04 0.75 
|Total Chromium (2) 1 "2.78 j 1.7OE-03 0.97 
|Total Chromium (3) 1 -2.20 | 6.40E-03 0.75 
|Chromium 6+ 1 '3.62 | 2.40E-04 1.09 
| Lead 1 '2.58 | 2.60E-03 0.76 
|Zinc | -0.89 | 1.30E-01 0.85 
|Cadmi un 1 '2.94 | 1.20E-03 0.53 
|Mercury (1) | -3.44 j 3.60E-04 0.44 
|Mercury (2) 1 "3.57 | 2.70E-04 0.65 
|Mercury (3) 1 '3.46 | 3.50E-04 0.56 

* Note: Estimates are presented based upon three sampling programs. 
1: Work reported under Phase 2 investigation. 
2: Sampling done in the Fall of 1986. 
3: Sampling done in the Fall of 1988. 
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where C is the channel water concentration contributed by W D 
suspended sediment sorbed material, C is the bed sediment s 
concentration (as above), and TSS is the suspended sediment 
concentration. As described above, C was estimated by a ws J 
Monte Carlo routine from a probability distribution about C . s 

The total channel water contamination by organic compounds 
(CT) was estimated by summing Cwg and the estimated 
dissolved contaminant concentration (C from Table F-3) or: w 

CT = Cws + Cw <6> 

These results are presented in Table F-5 along with the 
unchanged estimates of channel water inorganic contaminant 
concentration from Table F-4. 

F.6 Sources of Uncertainity 

While the Monte Carlo analysis was undertaken in order to 
include an estimate of uncertainity, only sediment 
concentration and were assumed to contribute to the 
uncertainity of the concentration estimates. There are other 
uncertain parameters in this analysis, but the nature of their 
probability density functions are not known. 

The hydrologic conditions assumed at the site are average 
ones. This ignores variation in tidal height, tidal velocity, 
and increased bed scour associated with storms. Since the risk 
assessment process is based on long-term exposures, episodic 
changes in tidal characteristics might be ignored. 

The value of the retention factor employed in equation 4 
was selected with few data regarding the tidal dynamics of the 
estuary system. As such, every effort was made to select a 
conservative value. 

Finally, in the estimation of suspended sediment 
contribution to stream contamination by organic compounds, 
uncertainties arise. Most importantly, the mechanism modeled 
ignores the sorption of contaminants to very small material 
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TABLE F-5 
ESTIMATES OF AVERAGE CHANNEL WATER CONCENTRATION 

AT THE UOP SITE IN EAST RUTHERFORD, NJ 

(Includes compounds dissolved in channel water 
and organic compounds adsorbed to suspended solids) 

I 
1 

i i i 
Estimated Channel Water Concentration | 

| Contaminant 1 1 I 
| Mean of the log | 10AMean [Standard Deviation | 
| Transformed Data | (ppm) | of log Data | 

|Benzo(a)anthracene 
I 
1 

1 
-5.64 | 

I 
2.30E-06 | 0.41 | 

|Benzo(a)pyrene 1 -5.24 | 5.81E-06 | 0.40 | 
|Chrysene 1 -5.16 | 6.90E-06 | 0.43 j 
|Arochlor 1248 (1) (*) 1 -3.11 | 7.74E-04 | 1.10 | 
|Arochlor 1248 (2) 1 -2.27 | 5.38E-03 | 0.11 | 
|Arochlor 1248 (3) 1 -3.28 | 5.26E-04 | 0.59 | 
|1-2-DichIorobenzene 1 -4.41 | 3.91E-05 | 1.13 | 
|1-2-DiPhenyIhydrazine 1 -4.51 | 3.08E-05 | 0.76 j 
|Phenol 1 -2.22 | 6.03E-03 | 0.83 | 
|DEHP 1 -3.91 | 1.24E-04 | 0.47 | 
|Arsenic 1 -1.79 | 1.64E-02 | 0.65 | 
|Total Chromium (1) 1 -3.05 | 8.83E-04 | 0.75 | 
|Total Chromiun (2) 1 -2.78 | 1.67E-03 | 0.97 | 
|Total Chromium (3) 1 -2.20 | 6.38E-03 | 0.75 | 
|Chromium 6+ 1 -3.62 | 2.39E-04 | 1.09 | 
|Lead 1 -2.58 | 2.62E-03 | 0.76 | 
|Zinc 1 -0.89 | 1.29E-01 | 0.85 | 
| Cadmium 1 -2.94 | 1.16E-03 | 0.53 | 
| Mercury (1) 1 -3.44 | 3.62E-04 | 0.44 | 
|Mercury (2) 1 -3.57 | 2.70E-04 | 0.65 j 
|Mercury (3) 1 -3.46 | 3.51E-04 | 0.56 | 

* Note: Estimates are 

l 1 1 

presented based upon three sampling programs. 
1: Work reported under Phase 2 investigation. 
2: Sampling done in the Fall of 1986. 
3: Sampling done in the Fall of 1988. 
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<e.g., colloids, humic acids, etc.) not measured in TSS. The 
concentration of these agents is not available, but it is felt 
that the conservative assumption that all TSS comes from the 
contaminated bed sediment more than accounts for their 
potential contribution. 
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APPENDIX G 
SELECTION OF THE INDICATOR COMPOUNDS 

FOR THE CHANNELS AT THE SITE 

G.l Background Concentrations 

Before selecting Indicator Compounds for the site, it is 
important (i) to compare the concentrations of the organic 
compounds to concentrations of the same compounds found in 
other industrial areas and (ii) to compare the concentrations 
of the heavy metals both to the concentrations of the same 
metals found in other industrial areas and to the concentration 
of the metal in the crustal abundance. 

For the sediments, Aroclor® 1248 is enriched in 
comparison to other urban waterways (Charles Menzie, personal 
communication), while the PAHs are found in concentrations 
similar to those in other urban waterways (GRI, 1988). For the 
sediments, these concentrations are useful in terms of 
comparisons to crustal abundance (east of the Mississippi 
River): 

Heavy 
Metal 

Crustal Abundance 
Average 

Concentration 
(ppm) 

Concentration 
Range 
(ppm) 

Chromium 
Mercury 
Lead 
Zinc 
Cadmium 

33 
0.081 
14 
40 
0.2 

1 to 1,000 
0.01 to 3.4 
<10 to 300 
<5 to 2,900 
(NA) 

The first four values come from the U.S. Geological Survey 
(1984), while the last value comes from Taylor (1964). Viewed 
against these data for natural abundance, the concentrations of 
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chromium and mercury are most elevated in the sediments on the 
site. 

G.2 Selection of the Indicator Compounds 

The eleven indicator compounds from the human health risk 
assessment (Rev. 2, Appendix B) were reviewed as candidates for 
the ecological risk assessment. Eight of the eleven compounds 
were retained for the ecological risk assessment based on 
frequency of detection and concentrations detected in the 
surface water and sediments. Three compounds: 1,1,2,2-
tetrachloroethane, benzene and arsenic were deleted because 
they are not detected or are detected at very low 
concentrations and frequencies in channels A, B and C. These 
three compounds were selected for the human health risk 
assessment because they are present in the North Ditch, which 
is not included in the ecological assessment. 

Other compounds in the sediments and water of Channels A, 
B and C were reviewed for their potential toxicity to 
wildlife. Based on this review, three additional indicator 
compounds were selected: cadmium, phenol and di(2-ethylhexyl) 
phthalate. 

PAHs associated with carcinogenic health effects were 
evaluated in the human health assessment. For the ecological 
assessment, the sum of all PAHs are evaluated. 

The final list of eleven Indicator Compounds for the 
ecological study of the channels is: 

Heavy Metals (n = 5) 

cadmium 
chromium 
lead 
mercury 
zinc 
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Organic Compounds (n - 6) 

1,2-dichlorobenzene 
phenol 
Aroclor® 1248, a polychlorinated biphenyl (PCB) 
1,2-diphenylhydrazine 
di(2-ethylhexyl) phthalate (DEHP) 
polycyclic aromatic hydrocarbons (PAHs) 

G.3 Data Summary 

Table G-l lists the indicator compound results for 
analyses of sediments and surface water in the channels at the 
UOP site in East Rutherford, NJ. These are the raw data used 
as input in risk analyses through this report. The top two 
sections of the Table G-l list the results for analyses of 
sediments and surface water samples taken in 1983 and 1985, 
grouped according to the zone (Channel A, B, C, or Control Area 
as shown on Figure G-l) at the site. The bottom section lists 
the results for analyses of sediment samples taken in 1988, 
also grouped according to the zone at the site. All water and 
sediment sampling locations are shown on Figure G-2 (in back 
pocket). As shown in Figure G-l, Channel A is the most 
upstream channel, Channel B receives water from Channel A, and 
Channel C drains the flow from the first two channels into 
Berry's Creek. The Control zone, referred to as D, is across 
Berry's Creek in Walden Swamp. 

In Table G-l, all measurements are reported in parts per 
million (ppm) for each medium. In sediments and tissues, one 
part per million is equivalent to one milligram per kilogram, 
and in surface water one part per million is equivalent to one 
milligram per liter. Throughout the table, values reported 
above the limit of detection are shown in scientific notation, 
while values reported below the limit of detection are shown in 
decimal notation (for the limit of detection for that compound) 
preceded by a "less than" (<) symbol. 

8892H 6020-006-270 
G-3 



TebWG-1 Monitoring Roaults for Sodimoots. Surface Wafer, and Ft»h Titouoa from tha Channalo 
ione-> 

mm mm mm mm mm mm mm an SEDIMENT SS-1 88-2 88-2 6BTRB 6BTCTR 68TLB 88-7 1063ft 1085 11/83 11/83 1/85 1/85 1/85 1/65 1/85 0-15" 0-15" 0-15" (mgkg) (mo/kg) (mgrttg) (mg*g) (mg*g) (mgfcg) (mg/kg) 
mm mm mm mm — •» 

Arodor-1018 <2 <2 <3 Aroctor-1221 <2 <2 <3 Arock>f-1232 <2 <2 <3 Arookx-1242 <2 <2 <3 Arocfar-1248 1.0E+2 1.4642 5.7E+2 Arocfc>f-1254 <2 <2 <3 Aroctor-1260 <2 <2 <3 Arodor-1262 <2 <2 <3 Total PCBa 
Aceoaphthylaoe <20 <0.5 <0.2 <2 Anthracene <20 8.0E-1 <02 <2 Ban»o(fl,hJ)paryf>na <20 <0.5 <0.4 <4 Fluoronthene <20 1.0E+0 1.8E-1 2.4640 Phenonthiene <20 e.oE-1 <02 1.3640 Aceruphthene <20 <0.8 <0.2 <2 Pyraoa <20 1.1E40 1.3E-1 22640 Naphthalene <20 <0.5 <0.2 <2 <20 7.0E-1 62E-2 <4 2-Chtoreoaphthelaoe <20 <02 <0.2 <2 Dibanzo(a,h)an6iraoana <20 <0.5 <0.4 <4 Benso(a)pyrene <20 S.OE-1 0.1E-2 <4 Berao(a)anthracene <20 e.oe-i 1.1E-1 <2 lnd#no(1,2,3-c1d)pyreoe <20 <0.5 <0.4 <4 Total RAM 

bis(2-Ethytheityl)plillwNfe <20 1.0E+1 0.SE+0 22E+1 
m * k-i,cvCfNoreotnzin9 3JE+1 0.06-1 2.3E-1 1.8640 1,2-Dipheflythydrazine <20 <0.5 2.2E+0 <4 m, „nni nWKN 1.7E+1 1.6640 1.3&f0 2.7E40 

Cadmium . 8.4E-1 2.4640 2.7E+0 21E+0 Chromium (total) 6.6642 4.0643 4.1643 2.5E+4 2.4644 2 4E+4 4.8E42 Load 8.8E4I 6.0641 0.0641 1.3642 Mercury 4.0641 2 2E+2 1.7642 01E+1 2.0E41 Znc aoe+2 5.6E42 4.3642 2.SE42 

SURFACE WATER 8T3* ST3 - - - - -

1063ft1085 11/83 1/65 
m (mgl) (mgfl) 

Total PCBa <0.05 
WVIN̂ InlfWiV <0.01 <0.01 Antfiraoana <0.01 <0.01 Bwaofg.hApwyltM <0.02 <0.02 Fluoranthene <0.01 <0.01 Phananthiaoa <0.01 <0.01 Acenophlhene <0.01 <0.01 Pyrene <0.01 <0.01 Naphthalene <0.01 <0.01 3,4-Beraofluocanthene <0.02 <0.02 2-Chbronaphlhaleoe <0.01 <0.01 Dfoenzo(a.h)a»thracene <0.02 <0.02 Benzo(a)pyfene <0.02 <0.02 Bentt(a)aiflhracene <0.01 <0.01 

Indenoft 20-c,d)pyrene <0.02 <0.02 Benzo(k)fkiOfwitfiane <0.02 <0.02 Fluofene <0.01 <0.01 2-Methylnaphthalene <0.02 Total PAHo 
bte(2-Ethy0>exyf)phtheleie <0.01 <0.01 1,2-Dichfeioberaene <0.02 1.9E-1 12*Dtphenyftiydrazine <0.02 4.5E-2 Phenol <0.01 

Codirtum 4.0E-3 2.0E-3 Chromium (total) <0.005 <0.02 Load 8.3E-2 4.8E-2 Mercury <0.0005 Znc 7.06-2 4.0E-2 

a 
mm mm mm 

46TRB 4BTCTR 58*8 11/63 11/83 11/83 0-15" 0-15" 0-15" (mg/Vg) (mg/kg) (mgkg) 
mm •** mm 

<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 7.6641 1.8642 3.7642 <5 <5 <5 <5 <5 <5 <5 <5 <5 

SEDIMENT Ac Aa Ab Ba Bb Be* 1888 68.0 88O 88.0 880 88.0 68.0 (dry weight) (mQfkg) (mg/kg) (mgAg) (mg/kg) (mg/kg) (mg/kg) 

Aroctor-1248 12642 68E+1 62E4I 1.0E42 4.1E41 7.7640 Chromium (total) 2.7Ef4 42643 5.8643 0.0643 41E+3 7.6E43 Mercury 1.1642 5.3641 2.4E41 3.3E41 22E41 81E+1 

• Average Of Dupicatoa *• Average Of Subertet 
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TaWaG-1 Monitoring Raautto for Sadimanfa, Surfaca Wstar, and Rah Tii from tha Chan nata 

zona -> c c C C C C e c d •M mm mm mmm mm mmm mmm mm •M mm 

SEDIMENT SS-8 SS-3 SS-4 SS-10 15BTRB 13BTCTR 15BTLB CNTRL 
19638 1983 1/85 11/83 11/83 1/83 1/83 1/85 1/83 

0*15" 0*15- 0-15" (mgAg) (">9*9) (mg/kg) (mg/kg) (mgritg) (mffkg) (mg/kg) <mg/kg) 
mm — mm mmm •M •M ~ 

Arodor-1016 <0.01 <0.01 <0.03 
Aroctor-1221 <0.01 <0.01 <0.05 
Aroctor-1232 <0.01 <0.01 <0.09 
Arocfer-1242 <0.01 <0.01 <0.09 
Arodor-1248 <0.01 1.66+1 5.06+0 
Aroctor*1254 <0.01 <0.01 <0.05 
Arodor-1260 <0.01 <0.01 <0.05 
Aroctor-1262 <0.01 <0.01 <0.03 

SS-11 
1/83 

(mgAg) 

Total PC6a 

Acanaphthylana 
Aftthracana 

Banxo<g1h>J)pafytena 
Fboranthana 

Phananthrana 
Acanaphthana 

Naptrthalana 
3,4-Banzofluorafrthafta 

2-Chbconq>tidiatoiia 
Dtoanzo(a,h)antftraoana 

Banxo(a)pyrana 
Banzo(a)anlhraoana 

lndano(1,2,3-c.d)pyrana 
Total PAHa 

<02 
1.76-1 
<0.4 
<02 
<02 
<02 
<02 
<02 

2.16-1 
<02 
<0.4 

12E-1 
1.8E-1 
<0.4 

<0.3 
<0.9 <0.8 

5.06-1 <02 
<0.9 6.06-1 <02 

5.06-1 <02 <02 
5.06-1 <02 
<0.5 

<20 
<20 
<20 
<20 
<20 
<20 
<20 
<20 
<20 
<20 
<20 
<20 
<20 
<20 

<02 
<02 
<0.4 

1.66-1 
<02 
<02 
1.26-1 
<02 
2.06-1 
<02 
<0.4 

12E-1 
1.06-1 
<0.4 

<02 
<02 
<0.4 

226*1 
<02 
<02 
<02 
<02 
<0.4 
<02 
<0.4 
<0.4 
<02 
<0.4 

bia(2-6thy»wxyj)phthatata 
1,2-Otchbfptoanaaoa 

1,2-Oiphartyfhydrazina 

23640 
126*1 
7.8640 
I.OEaO 

1.66+1 
1.56+0 
<0.5 

6.06*1 

<20 
1.16+1 
<20 

9.06*1 

1.06+0 
<02 
<0-3 
<0.4 

6.3E+0 
<02 
<0.4 

Cadmium 
Chromum (total) 

Laad 
Marcury 2ne 

126+0 
526+3 
7.56+1 
6.76+0 
216+2 

1.36+0 
1.6642 
256+1 

1.S6+2 

206-1 1.66+0 
1.36+2 226+2 216+2 3.46+1 3.4E+2 
296+1 5.06+1 

8.66+0 4.56+0 6.96*1 4.36+0 
5.36+1 3.06+2 

4.3E+0 1.06+2 
3.66+1 8.16+0 
2.36+2 

SURFACE WATER STT ST8 STB STB 
19836 1985 1/85 11/83 1/85 1/85 

(mgfl) (mgl) (mg/l) <mg/l) 
— mm M* •M 

Total PCBa <0.05 <0.05 <0.05 

Acampldhyleoe <0.01 <0.01 <0.01 <0.01 
Anthraoaaa <0.01 <0.01 <001 <0.01 

Bemoto.hflpatytane <0.02 <0.02 <0.02 <0.02 
Ruoranthaoa <0.01 <0.01 <0.01 <0.01 

Phanofthrooa <0.01 <0.01 <0.01 <0.01 
Aoampfrthana <0.01 <0.01 <0.01 <0.01 

Pyrana <0.01 <0.01 <0.01 <0.01 
Naphthalan# <0.01 <0.01 <0.01 <0.01 

3,4-flaniofluoranthaoa <0.02 <0.02 <0.02 <0.02 
2-ChbronaphthaIana <0.01 <0.01 <0.01 <0.01 

Dfeanzo(a,h)anlhfaoana <0.02 <0.02 <0.02 <0.02 
Banzo(a)pyraria <0.02 <0.02 <0.02 <0.02 

Banzo(a)anthiaoafta <0.01 <0.01 <0.01 <0.01 
lndano(1,2,3-c,d)pyTana <0.02 <022 <0.02 <0.02 

Banzo(k)fluocafrthana <0.02 <0.02 <0.02 <0.02 
Fluoiana <0.01 <0.01 <0.01 <0.01 

2 Mathyinaptohalana 
Total PAHa 

bia(2-Ethyl)axyQphthalala <0.01 <0.01 <0.01 
1,2-Ptehtorobanaaoa <0.01 <0.01 <0.01 <0.01 

1.2-Diphanytiydrazina <0.02 <0.02 <0.02 <0.02 
Phanol <0.01 <0.01 

Cadmiufn <0.001 6.06*3 <0.001 <0.001 
Chromium (total) <0.02 <0.005 <0.02 <0.02 

Laad 1262 7.06*2 1.26*2 1.66*2 
Marcury <0.0005 <0.0006 <0.0005 

2ne 126-1 1.36-2 9.06-2 7.06*2 

SEDIMENT Ca Cc Cb D" 
1968 68.0 68.0 68.0 88.0 

(dry weight) (mg/kg) (mg/kg) (mgritg) <mg/kg) 

Arodor-1248 5.36+0 2.36+1 1.46+1 1.16+0 
Chromium (total) 1.1E+3 6.66+2 1.86+3 1.06+3 

Marcury 5.96+0 7.76+0 1.96+1 6.96+1 

• Avaraga Of Dupicatas 
" AvaragaOf 8ubaitaa 
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While the water and fish tissue concentrations do not 
show a trend in concentration as a function of distance, 
presumably because the tides thoroughly mix the water and the 
pelagic organisms, the concentrations in the sediments show a 
trend, decreasing as a function of distance from Channel A to 
Channel C. 

8892H 6020-006-270 
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APPENDIX H 
ANALYSIS OF EXTRAPOLATION ERROR 

H.l Introduction 

This appendix has three purposes. The first purpose is to 
explain the analysis of extrapolation error (AEE) method in 
greater detail than is done in the main body of the report. 
The second is to provide an example of the use of the method, 
using data summary tables in the format used here for the 
actual analyses. The third purpose is to provide the data 
summary tables for analyses presented in Chapter 6. 

H.2 Explanation of the Method 

The following explanation and example is extracted from 
Analysis of Extrapolation Error (Suter et al. 1986). Analysis 
of Extrapolation Error (AEE) is a method of calculating the 
probability that expected environmental concentrations will 
exceed toxicological benchmarks. The method has two components 
and is implemented in five steps. The first component is an 
extrapolation used to estimate the endpoint for the species and 
chemical from available test data. The second component is a 
risk component that estimates the probability of exceeding the 
endpoint from results of the extrapolations. 

The first step in implementing the method is to define the 
endpoint in terms of a toxicological endpoint. The endpoint 
for the present application is the probability of exceeding 
maximum acceptable toxicant concentration (MATC) for the 
Indicator Species exposed to the Indicator Compounds. The 
second step is to identify the toxicological datum most closely 
related to the desired endpoint. The relationship between the 
endpoint and the identified datum is then broken into logical 
steps to get to the endpoint. 

There are three conceivable relationships between the 
desired endpoint and the nearest toxicological datum. Suppose 

8925H 6020-006-270 
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that the needed endpoint is a chronic effect for chemical A on 
brook trout. The first possibility is that the needed datum is 
available. In that case, there will generally be a 
concentration associated with an observation (e.g., lowest 
observed effect level) but no measure of the uncertainty 
associated with that concentration. In this case, Suter et al. 
(1986) have a table showing pooled variances of log(10) 
transformed LC50, EC50, and MATC values from replicate tests. 
Table values can be used as estimates of variances for either 
fish (Osteichthyes) or Daphnia. No other taxonomic groups are 
tabulated. 

If the needed datum is not available, there may be a 
result from an acute test for the same species. In that case, 
there may be an LC50 for brook trout and chemical A. To make 
this extrapolation, Suter et al. (1986) provide a table of 18 
acute-chronic extrapolations based on linear regression using 
an errors-in-variables model. Using the linear regression 
formula y - a + bx, one can enter the table for any x and find 
slope and intercept values for calculating y. For calculating 
the estimated variance associated with the predicted value, the 
formula for estimated variance has been reduced to an 
expression in two variables, F1 and F2 that are included on the 
table. In extrapolating from a brook trout LC50 to a brook 
trout MATC for chemical A, based on tests used in the 
regression, constants are found in Suter et al.'s (1986) 
Table 4.3, equation 5. The formula is 

log(10)(brook trout MATC) - -1.51 + (1.07) 
x (log(10)(brook trout)) 

The variance for a predicted Y based on an intital value of X, 
XQ, is found from: 

var(Y XQ) - F1 + F2(XQ - Xbar)2, 

where Fl, F2, and Xbar are found in the tables provided by 
Suter et al. (1986). 

H-2 
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The third situation is that the nearest datum is not for 
the same species and not for the desired endpoint, and a double 
extrapolation is needed. For example, the desired endpoint is 
MATC for brook trout exposed to chemical A, and the nearest 
datum is an LC5Q for rainbow trout exposed to the same 
chemical. Here the double extrapolation is first from taxon X 
to taxon Y (rainbow trout to brook trout) and the from an acute 
LC50 result to MATC. For this, Suter et al. (1986) have 
tabulated constants for taxonomic extrapolations based on 
linear regression using an errors-in-variables model. Once 
again, using the linear regression formula y • a + bx, one can 
enter the table for any x and find slope and intercept values 
for calculating y. Values of F1 and F2 are also included for 
estimating variance. Suppose that the nearest datum is an 
LC50 of 5300 pg/L for rainbow trout (using the example in 
Suter et al., 1986). Then the LC5Q for brook trout is found 
from Suter et al.'s Table 4.1. There is no taxonomic 
extrapolation from rainbow trout (Salmo truttal to brook trout 
(Salvelinus fontinalis) on the table, so the next higher or 
genus to genus extrapolation (Salmo-Salvelinus) is used. 

loo(10)(Salvelinus LC50) = -0.33 + (1.1) 
x (log(10) (S&IniQ LC50)) 

Then the extrapolated Salvelinus result is used as the X value 
in the acute-chronic extrapolation previously described. 
Variance at each extrapolation step is calculated using the 
tabulated values of F1 and F2. The linear regression formula 
for the second extrapolation is 2 «= c + dy, using y from the 
first extrapolation. The total variance for the two 
extrapolations is: 

var (zIX Q ) - var(Z| YQ ) + d2(var(Y| XQ ) )  

If we assume that the expected environmental concentration 
of chemical A and the estimated end point are independent and 

8925H 6020-006-270 
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log-normally distributed, the risk can be calculated and the 
cumulative probability obtained from a statistical z table. 
The probability that extrapolated chronic benchmark 
concentration is less than the expected environmental 
concentration (and so, the species is protected) is one minus 
the tabulated z value. Multiplying by one hundred gives 
percent risk. 

The following tables show calculations. Tables H-l to 
H-16 show extrapolations to indicator species chronic values 
(the first component of the method). Tables H-17 and H-18 show 
calculations of the probability that environmental 
concentrations exceed chronic endpoints. 

H-4 
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TABLE H-l 

FILE: AE2CR3FU.WRI 
REGRESSION CALCULATION FOR AEE METHOD: FUNDULUS & CR (III) 

FROM: FUNDULUS LC50 
AS: LC50 
TO: FUNDULUS MATC 
AS: MATC 
VALUE (V) = 31500 ug/1 BY: EQ.7, CLASS = M 

Y = BX + A 

X (LOG(V)) = 4.498 
SLOPE= 0.730 
INTERCEPT3 -0.700 

Fl= 0.370 
F2= 0.020 
XBAR= 3.250 
Xo= 4.498 

CALCULATED VALUES: 

Y = 2.584 
VAR(Y|Xo) = 0.401 

ANTILOG Y = 383.5011 
ANTILOG VAR 2.518637 



TABLE H-2 

REGRESSION CALCULATION FOR AEE METHOD: 
FROM: GAMMARUS SP. LC50 
AS: AMPHIPODA 
TO: DECAPODA LC50 
AS: DECAPODA 
VALUE (V) = 3200 ug/1 
Y = BX + A 

X (LOG(V)) = 3.505 
SLOPE= 1.670 
INTERCEPT= 0.650 
Fl= 2.730 
F2= 0.250 
XBAR= 0.890 
Xo= 3.505 

CALCULATED VALUES: 
Y = 6.504 
VAR(Y|Xo) = 4.440 

ANTILOG Y = 3188603. 
ANTILOG VAR 27526.58 

FILE: AE2CR3BL.WRI 
DECAPODS & CR(III) 
FROM: DECAPODA LC50 
TO: DECAPODA MATC 
BY: EQ.7, CLASS = M 
Z = DY + C 
Y= 
SLOPE(D) 
INTERCEPT= 
Fl= 
F2= 
YBAR= 
Yo= 

6.504 
0.730 
-0.700 
0.370 
0.020 
3.250 
6.504 

CALCULATED VALUES: 
Z = 4.048 
VAR(Z|Yo) = 0.582 
ANTILOG Z = 11159.07 
ANTILOG VAR 3.816966 

VARIANCE FOR 2-STEP 
2.948 

ANTILOG VAR 886.4665 



TABLE H-3 

REGRESSION CALCULATION FOR AEE 

FROM: FUNDULUS LC50 
AS: LC50 
TO: FUNDULUS MATC 
AS: MATC 
VALUE (V) = 74010 

Y = BX + A 

X (LOG(V)) = 4.869 
SLOPE= 0.730 
INTERCEPT= -0.700 

Fl= 0.370 
F2= 0.020 
XBAR= 3.250 
Xo= 4.869 

CALCULATED VALUES: 

Y = 2.855 
VAR(Y|Xo) = 0.422 

FILE: AE2CR6FU.WRI 

METHOD: FUNDULUS & CR (VI) 

BY: EQ.7, CLASS = M 

ANTILOG Y = 715.4544 
ANTILOG VAR 2.645099 



TABLE H-4 

FILE: AE2CR6BL.WRI 
REGRESSION CALCULATION FOR AEE METHOD: BLUE CRABS & CR(VI) 

FROM: BLUE CRAB LC50 
AS: LC50 
TO: BLUE CRAB MATC 
AS: MATC 
VALUE (V) = 93390 ug/1 BY: EQ.7, CLASS = M 
Y = BX + A 

X (LOG(V)) = 4.970 
SLOPE= 0.730 
INTERCEPT= -0.700 

Fl= 0.370 
F2= 0.020 
XBAR= 3.250 
Xo= 4.970 

CALCULATED VALUES: 

X = 2.928 
VAR(Y|Xo) = 0.429 

ANTILOG Y = 847.8504 
ANTILOG VAR 2.686511 



TABLE H-5 
FILE: AE2CR6DE.WRI 

REGRESSION CALCULATION FOR AEE METHOD: SHRIMP & CR(VI) 

FROM: GAMMARUS PSEUDOL. LC50 FROM: DECAPODA LC50 
AS: AMPHIPODA 
TO: DECAPODA 
AS: DECAPODA 
VALUE (V) = 

LC50 

67.1 ug/1 
TO: DECAPODA MATC 
BY: EQ.7, CLASS = M 

Y = BX + A Z = DY + C 
X (LOG(V)) = 
SLOPE= 
INTERCEPT= 

1.827 
1.670 
0.650 

Y= 
SLOPE (D) 
INTERCEPT= 

3.701 
0.730 
-0.700 

Fl= 
F2= 
XBAR= 
Xo= 

2.730 
0.250 
0.890 
1.827 

Fl= 
F2= 
YBAR= 
Yo= 

0.370 
0.020, 
3.250 
3.701 

CALCULATED VALUES: CALCULATED VALUES: 
Y = 
VAR(Y|Xo) = 

3.701 
2.949 

Z = 
VAR(Z|Yo) = 

2.001 
0.374 

ANTILOG Y = 5019.108 ANTILOG Z = 100.3361 
ANTILOG VAR 889.9431 ANTILOG VAR 2.366253 

VARIANCE FOR 2-STEP 
1.946 

ANTILOG VAR 88.26254 



TABLE H-6 

FILE: AE2HGFUN.WRI 
REGRESSION CALCULATION FOR AEE METHOD: FUNDULUS & INORGANIC Hg 

FROM: FUNDULUS LC50 
AS: LC50 
TO: FUNDULUS MATC 
AS: MATC 
VALUE (V) = 67.4 ug/1 BY: EQ.7, CLASS = M 
Y = BX + A 

X (LOG(V)) = 1.829 
SLOPE= 0.730 
INTERCEPT= -0.700 

Fl= 0.370 
F2= 0.020 
XBAR= 3.250 
Xo= 1.829 

CALCULATED VALUES: 

Y = 0.635 
VAR(Y|Xo) = 0.410 

ANTILOG Y = 4.314413 
ANTILOG VAR 2.572788 



TABLE H-7 

FILE AE2HGBLU.WRI 
REGRESSION CALCULATION FOR AEE METHOD: BLUE CRAB & INORGANIC Hg 

FROM: CARCINUS MAENAS LC50 
AS: SURROGATE LC50 
TO: BLUE CRAB MATC 
AS: MATC 
VALUE (V) 14 ug/1 BY: EQ.7, CLASS = M 
Y = BX + A 

X (LOG(V)) 
SLOPE= 
INTERCEPT3 

1.146 
0.730 
-0.700 

Fl= 
F2= 0.370 

0. 020 
3.250 
1.146 

XBAR= 
Xo= 

CALCULATED VALUES 
Y = 
VAR(Y|Xo) 

0. 137 
0.459 

ANTILOG Y = 1.369851 
ANTILOG VAR 2.874256 



TABLE H-8 

r j.xjc, ; AE2HG2DC.WRI 
REGRESSION CALCULATION FOR AEE METHOD: SHRIMP & INORGANIC Hg 

FROM: WHITE SHRIMP LC50 
AS: SURROGATE 
TO: GRASS SHRIMP MATC 
AS: MATC 
VALUE (V) = 17 ug/1 BY: EQ. 7, CLASS = METALS 
Y = BX + A 

X (LOG(V)) = 1.230 
SLOPE= 0.730 
INTERCEPT= -0.700 
Fl= 0.370 F2= 0.020 
XBAR= 3.250 Xo= 1.230 

CALCULATED VALUES: 

Y = 0.198 
VAR(Y|Xo) = 0.452 

ANTILOG Y = 1.578438 
ANTILOG VAR 2.828601 



TABLE H-9 

FILE: AE2ME2FU.WRI 
REGRESSION CALCULATION FOR AEE METHOD: FUNDULUS & METHYL Hg 

FROM: FUNDULUS LC50 
AS: LC50 
TO: FUNDULUS MATC 
AS: MATC 
VALUE (V) = 51.1 ug/1 BY: EQ.7, CLASS = M 
Y = BX + A 

X (LOG(V)) = 1.708 
SLOPE= 0.730 
INTERCEPT3 -0.700 
Fl= 0. 370 F2= 0. 020 
XBAR= 3.250 Xo= 1.708 

CALCULATED VALUES: 

Y = 0.547 
VAR(Y|Xo) = 0.418 

ANTILOG Y = 3.524903 
ANTILOG VAR 2.615347 



TABLE H-10 
FILE: AE2MEBLU.WRI 

REGRESSION CALCULATION FOR AEE METHOD: DECAPODS & METHYL Hg 
FROM: GAMMARUS DUEBENI LC50 FROM: DECAPODA LC50 
AS: AMPHIPODA 
TO: DECAPOD LC50 TO: DECAPODA MATC 
AS: DECAPODA 
VALUE (V) = 150 ug/1 BY: EQ.7, CLASS = M 
Y = BX + A Z = DY + C 
X (LOG(V)) = 2.176 Y= 4.284 SLOPE= 1.670 SLOPE(D) 0.730 
INTERCEPT= 0.650 INTERCEPT™ -0.700 
Fl= 2.730 Fl= 0.370 F2= 0.250 F2= 0.020 
XBAR= 0.890 YBAR= 3.250 Xo= 2.176 Yo= 4.284 
CALCULATED VALUES: 
Y = 
VAR(Y|Xo) 

4.284 
3.144 

ANTILOG Y = 19234.12 
ANTILOG VAR 1391.578 

CALCULATED VALUES: 
Z = 2.427 
VAR(ZlYo) = 0.391 

ANTILOG Z = 267.5302 
ANTILOG VAR 2.462555 

VARIANCE FOR 2-STEP 
2.067 

ANTILOG VAR 116.5631 



TABLE H-ll 

FILE: AE2ZNFUN.WRI 
REGRESSION CALCULATION FOR AEE METHOD: FUNDULUS & ZINC 

FROM: FATHEAD LIFECYCLE 
AS: FM MATC 
TO: FUNDULUS MATC 
AS: ALL FISH MATC 
V A L U E  ( V )  = 1 0 6 . 3  

Y = BX + A 

X (LOG(V) ) 
SLOPE= 
INTERCEPT= 

2.027 
0.790 
-0.040 

Fl= 
F2= 0.330 

0.010 
1.800 
2.027 

XBAR= 
Xo= 

CALCULATED VALUES 
Y = 
VAR(Y|Xo) 

1.561 
0.331 

ANTILOG Y = 36.38825 
ANTILOG VAR 2.140489 



TABLE H-12 

. WK1 
REGRESSION CALCULATION FOR AEE METHOD: BLUE CRAB & ZINC 

FROM: CARCINUS MAENAS LC50 
AS: SURROGATE 
TO: BLUE CRAB MATC 
AS: MATC 
VALUE (V) = 1000 BY: EQ. 7, CLASS = METALS 
Y = BX + A 

X (LOG(V)) = 3.000 
SLOPE= 0.730 
INTERCEPT= -0.700 

Fl= 0.370 
F2= 0.020 
XBAR= 3.250 
Xo= 3.000 

CALCULATED VALUES: 

Y = 1.490 
VAR(Y|Xo) = 0.371 

ANTILOG Y = 30.90295 
ANTILOG VAR 2.350985 



TABLE H-13 
FILE: AE2ZNDEC.WRI 

REGRESSION CALCULATION FOR AEE METHOD: SHRIMP & ZINC 
FROM: COROPHIUM VOL. 
AS: AMPHIPODA 

LC50 FROM: DECAPODA LC50 
TO: DECAPOD LC50 
AS: DECAPODA TO: DECAPODA MATC 
VALUE (V) = 4683 ug/i BY: EQ.7, CLASS = M 
Y •» BX + A Z = DY + C 
X (LOG(V)) = 
SLOPE= 
INTERCEPT= 

3.671 
1.670 
0.650 

Y= 
SLOPE(D) 
INTERCEPT^ 

6.780 
0.730 

-0.700 
Fl= 
F2= 
XBAR= 
Xo= 

2.730 
0.250 
0.890 
3.671 

Fl= 
F2= 
YBAR= 
Yo= 

0.370 
0. 020 
3.250 
6.780 

CALCULATED VALUES: CALCULATED VALUES: 
Y = 
VAR(Y|Xo) = 

6.780 
4.663 

Z = 
VAR(Z|Yo) = 

4.249 
0.619 

ANTILOG Y = 6022479. ANTILOG Z = 17751.53 
ANTILOG VAR 46007.50 ANTILOG VAR 4.160890 

VARIANCE FOR 2-STEP 
3.104 

ANTILOG VAR 1270.596 



TABLE H-14 

FILES AE242FUN.WRI 
REGRESSION CALCULATION FOR AEE METHOD: FUNDULUS & PCB AROCLOR 1242 

FROM: FATHEAD LIFECYCLE 
AS: FM MATC 
TO: FUNDULUS MATC 
AS: ALL FISH MATC 
VALUE (V) = 9 ug/1 

Y = BX + A 

X (LOG(V)) = 0.954 
SLOPE= 0.790 
INTERCEPT= -0.040 
Fl= 0. 330 F2= 0. 010 
XBAR= 1.800 Xo= 0.954 

CALCULATED VALUES: 

Y = 0.714 
VAR(Y|Xo) = 0.337 

ANTILOG Y = 5.174299 
ANTILOG VAR 2.173467 



TABLE H-15 

FILE: 
REGRESSION CALCULATION FOR AEE METHOD: FUNDULUS & 

FROM: FATHEAD LIFECYCLE 
AS: FM MATC 
TO: FUNDULUS MATC 
AS: ALL FISH MATC 
VALUE (V) = 2.9 ug/1 

Y = BX + A 

X (LOG(V)) = 0.462 
SLOPE= 0.790 
INTERCEPT= -0.040 

Fl= 0.330 
F2= 0.010 
XBAR= 1.800 
Xo= 0.462 

CALCULATED VALUES: 

V = 0.325 
VAR(Y|Xo) = 0.348 

ANTILOG Y = 2.114922 
ANTILOG VAR 2.227879 

AE254FUN.WRI 

PCB AROCLOR 



TABLE H-16 
FILE: AE2PCBLU.WRI 

REGRESSION CALCULATION FOR AEE METHOD: DECAPODS & PCBs 

FROM: GAMMARUS PSEUSOL. LC50 FROM: DECAPODA LC50 
AS: AMPHIPODA 
TO: DECAPOD LC50 TO: DECAPODA MATC 
AS: DECAPODA 
VALUE (V) = 29 ug/1 BY: EQ. 5, CLASS = ALL 
Y = BX + A Z = DY + C 

X (LOG(V)) = 1.462 
SLOPE= 1. 670 
INTERCEPT= 0.650 
Fl= 2.730 F2= 0.250 
XBAR= 0.890 
Xo— 1.462 

Y= 3.092 
SLOPE(D) 1.070 
INTERCEPT= -1.510 
Fl= 0.590 F2= 0.000 
YBAR= 3.130 Yo= 3.092 

CALCULATED VALUES: 
Y = 3.092 
VAR(Y|Xo) = 2.812 

ANTILOG Y = 1236.529 
ANTILOG VAR 648.4998 

CALCULATED VALUES: 
Z = 1.799 
VAR(Z|Yo) = 0.590 

ANTILOG Z = 62.90120 
ANTILOG VAR 3.890451 

VARIANCE FOR 2-STEP 
3.809 

ANTILOG VAR 6446.969 



TABLE H-17 

FILE: AEESUM52.WRI 
Probability calculations for AEE method. 

Entries are means and variances of EEC and extrapolated MATCs. 

Cum. 100* (1 -
SOURCE XBAR VAR Z Prob. Cum Prob) 

CHROMIUM (III)*** 

MODEL EEC** 

CRAB 
SHRIMP 
FUNDULUS 

0.80 
4 . 05 
4.05 
2.58 

0. 563 

2.948 
2.948 
0.401 

•1.73353 
•1.73353 
•1.81748 

0.042 
0.042 
0.034 

95.8 
95.8 
96.6 

CHROMIUM (VI) 
MODEL EEC** 
CRAB 
SHRIMP 
FUNDULUS 

-0. 62 
2.93 
2.00 
2.86 

1.188 
0.429 
1.946 
0.422 

-2.79007 
-1.48051 
•2.73860 

0.003 
0.069 
0.003 

99.7 
93.1 
99.7 

MERCURY, INORGANIC*** 
MODEL EEC** -0.46 
CRAB 
SHRIMP 
FUNDULUS 

0.14 
0.20 
0.64 

0. 314 
0.459 
0.452 
0.410 

•0.67920 
•0.75201 
•1.28726 

0.248 
0.227 
0.099 

75.2 
77.3 
90.1 

* From Suter et al. (1986) Eq. 4.22 
** From Appendix Table F-4. Data are Log(10) transformed and 

expressed in units of ug/1. 
*** 1988 data only. 



TABLE H-18 

FILE: AEESUM51.WRI 
Probability calculations for AEE method. 

Entries are means and variances of EEC and extrapolated MATCs. 

„„„„„„ Cum. 100*(1 -
SOURCE XBAR VAR Z Prob. Cum Prob) 

MERCURY, METHYL*** 

MODEL EEC** 

CRAB 
SHRIMP 
FUNDULUS 

-0.46 

2.43 
2.43 
0. 55 

0.314 
2.067 
2 . 067 
0.418 

•1.87113 
•1.87113 
•1.17731 

0.031 
0.031 
0.119 

96.9 
96.9 
88.1 

ZINC 
MODEL EEC** 
CRAB 
SHRIMP 
FUNDULUS 

2.11 0.722 
1.49 0.371 **** 
4.25 3.104 
1.56 0.331 **** 

0.59290 
•1.09348 
0.53488 

0.278 
0.138 
0.298 

27.8 
86.2 
29.8 

PCB*** 

MODEL EEC** -0.28 0.348 

CRAB 1.80 3.809 
SHRIMP 1.80 3.809 
FUNDULUS, 1242 0.71 0.337 
FUNDULUS, 1254 0.33 0.348 

•1.01967 
•1.01967 
•1.20091 
•0.72514 

0.154 
0.154 
0.115 
0.233 

* From Suter et al. (1986) Eq. 4.22 
** From Appendix Table F-4. Data are Log(10) transformed and 

expressed in units of ug/1. 
*** 1988 data only. 
**** Mean Expected Environmental Concentration exceeds 

84.6 
84.6 
88.5 
76.7 
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1. INTRODUCTION 

A human health risk assessment for the terrestrial 
portions of the UOP Site was submitted to the NJDEP in 1987. 
At the request of NJDEP, the aquatic portion of the site known 
as Area 4 or Ackerman's Creek, was incorporated into Revision 2 
of the risk assessment report (hereafter referred to as Rev. 
2), which was submitted to the NJDEP in October 1988. 

Appendix B of Rev. 2 assessed direct exposure pathways, 
i.e. dermal contact with sediments and surface water. This 
document addresses indirect exposure pathways, including 
potential ingestion of blue crab from Ackerman's Creek and 
edible fish from Berry's Creek. It is organized in a similar 
manner to Rev. 2, Appendix B, and consists of 9 sections and 2 
appendices. Following Section 1, Introduction, the remaining 
sections are: 

2. Selection of Indicator Compounds 
3. Toxicity Assessment 
4. Identification of Exposure Pathways 
5. Calculation of Crab and Fish Tissue Concentrations 
6. Calculation of Dose 
7. Estimation of Risk 
8. Presentation of Risks and Uncertainties 
9. Summary of Risks associated with Direct and Indirect 

Exposure Pathways in Area 4 

This document draws heavily from the information presented in 
the Rev. 2 text and Appendix B. Much of the material supplied 
in the earlier document is referred to rather than repeated 
here. This document also relies heavily on the information 
provided by the ecological risk assessment (Part I, herein). 
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2. SELECTION OF INDICATOR COMPOUNDS 

The selection of indicator compounds is performed to 
identify a subset of chemicals that are the most toxic, mobile, 
persistent, and prevalent chemicals present on the site and, 
therefore, are those which potentially pose the greatest 
adverse health effects due to exposure in Area 4. Eleven 
indicator chemicals for Area 4 were selected in Rev. 2, 
Appendix B, Section B.2: 

• Arsenic 
• Benzene 
• Chromium 
• 1,2-Dichlorobenzene 
• 1,2-Diphenylhydrazine 
• Lead 
• Mercury 
e Carcinogenic Polynuclear Aromatic Hydrocarbons (PAHs), 

consisting of three PAH compounds detected in 
Ackerman's Creek sediment or surface water: 

Benzo(a)anthracene 
Benzo(a)pyrene 
Chrysene 

• Polychlorinated Biphenyls (PCBs) 
• 1,1,2,2-Tetrachloroethane 
m Zinc 

These chemicals will be used in this document to assess the 
potential risks associated with indirect exposure pathways. 
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3. TOXICITY ASSESSMENT 

Toxicity profiles for the eleven Indicator Compounds were 
provided in Section 2 of Rev. 2, and will not be repeated 
here. However, the updated EPA-derived dose-response values 
which will be used to calculate risks for this report are 
presented in Table 3-1. 
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Chemical 

Arsenic 
Benzene 
Chromium III 
Chromium VI 
1,2-0ichlorobenzene 
1,2-Diphenylhydrazine 
Lead 
Mercury 
Carcinogenic PAH 
PCB 
1,1,2,2-Tetrachloroethane 
Zinc 

TABLE 3-1 
DOSE-RESPONSE DATA FOR INDICATOR CHEMICALS SELECTED 

FOR HEALTH RISK ASSESSMENT, AREA 4 
UOP SITE 

RfD<a) 
(ma/ka/day) 

0.001 

1 
0.005 
0.4 

0.0014 
0.0003 

0.2 

Source 

U.S. EPA, 1989 

IRIS, 1989 
U.S. EPA, 1989 
U.S. EPA, 1989 

U.S. EPA, 1986 
U.S. EPA, 1989 

U.S. EPA, 1989 

Potential Oral 
Carcinogenic Potency 

(ma/ka/day)"1 Source 

0.175(b) 
0.029 

0.8 

11.5 
7.7 
0.2 

IRIS, 1989 
U.S. EPA, 1989 

U.S. EPA, 1989 

U.S. EPA, 1986 
U.S. EPA, 1989 
IRIS, 1989 

Notes: 

(a) RfD = Risk Reference Dose 
(•>) Value includes modifying factor of 10, as indicated in IRIS. 

Sources: 

U.S. EPA (1986). Superfund Public Health Evaluation Manual. EPA 540/1-86/060. 
IRIS (1989). The U.S. EPA Integrated Risk Information System (on-line database). 
U.S. EPA (1989). Health Effects Assessment Summary Tables. First Quarter FY 1989. March 1989. 
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4. IDENTIFICATION OF EXPOSURE PATHWAYS 

At any site humans may potentially be exposed to chemicals 
in a variety of media such as soil, sediment, or water. The 
potential receptor may be exposed directly by ingestion, 
inhalation, or dermal absorption. Indirect exposure through 
food chains, such as the consumption of contaminated biota, are 
also potential exposure pathways. Direct exposures to 
chemicals in sediments and surface water in the stream channels 
were examined in Rev. 2, Appendix B. Potential indirect 
exposures due to ingestion of contaminated blue crab or edible 
fish are assessed here. Of the other indicator organisms, only 
duck are also eaten by humans (the mussel species, Conaeria. is 
not consumed by people). Duck ingestion was not assessed in 
this document, however, since ingestion of duck is likely to be 
a minor portion of an individual's diet, and would occur 
infrequently and to few individuals. 

4.1 Ingestion of Blue Crab 

It is possible that blue crab live in Ackerman's Creek. 
Although it is unlikely that many people, if any, crab directly 
in Ackerman's Creek (due to difficult access to the area), it 
was assumed as a hypothetical, conservative case, that blue 
crab from the stream channels are caught and ingested by local 
fisherman. 

4.2 Ingestion of Edible Fish 

It is highly unlikely that edible fish live in Ackerman's 
Creek. However, a survey of organisms performed by the 
Hackensack Meadowlands Development Commission (HMDC, 1987) 
indicates that both white perch and striped bass live in 
Berry's Creek. These organisms may become contaminated from 
ingestion of organisms from Ackerman's Creek or contact with 
water that washes out at low tide. 

9158H 6020-006-270 
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During numerous visits to the site, ENSR staff have not 
observed fishermen in Berry's Creek in the vicinity of 
Ackerman's Creek. The low or no incidence of fishing is 
thought to be attributed to access difficulty to Berry's Creek 
near Ackerman's Creek and to general public knowledge of the 
areawide mercury contamination. Therefore, fish ingestion is 
not thought to be a viable exposure scenario, but is included 
in the assessment as a hypothetical case. 

9158H 6020-006-270 
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5. CALCULATION OF CRAB AND FISH CONCENTRATIONS 

5.1 Quantitative Approach 

No data are available on actual crab or edible fish tissue 
concentrations in Ackerman's or Berry's Creek. Therefore, crab 
or edible fish tissue concentrations were estimated using the 
method described in the Superfund Exposure Assessment Manual 
(U.S. EPA, 1988), i.e.: 

Cc,f - BCF X Cw 
Where: 

c ° Concentration in crab or fish tissue c, f 
BCF = Bioconcentration factor 
Cw - Concentration in channel water (modelled mean, 

see Part I, Appendix F) 

A chemical-specific BCF reflects the tendency of the 
compound to accumulate in fish tissues directly from the 
water. BCFs differ from compound to compound, by species, and 
with environmental conditions. Bioconcentration factors for 
this assessment were obtained from the available literature. 
An attempt was made to use BCFs from the same species or from a 
taxonomically similar species, where available, and to find 
BCFs from field studies, where conditions were similar to those 
found at the site. For several chemicals, no BCFs were found 
for species that are taxonomically similar to the blue crab. 
This does not imply, however, that these chemicals will not 
potentially be found in the tissues of blue crab. Although the 
chemicals lacking BCFs for blue crab were not quantified, they 
were assessed qualitatively (see Appendix C). Table 5-1 lists 
the BCFs that were used for edible fish and blue crab in this 
assessment. Tables 5-2 and 5-3 present the actual calculations 
and resulting crab and fish concentrations. 

Data from NYDEC (1981) indicates that PCBs strongly 
partition into the crab hepatopancreas (which is seldom eaten) 
rather than in the edible muscle tissue; 1979-80 Hudson River 

7 
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TABLE 5-1 
BIOCQNCENTRATION FACTORS USED FOR CALCULATION OF FISH AND CRAB TISSUE CONCENTRATIONS 

FISH 
BCF 

Chemical (lAg fish) Species*8) SflHESS*b) 

Benzene 5.21 estimated AWQC 
1,2-Dichlorobenzene 89 BS AWQC, Lyman 
1,2-Diphenylhydrazine 24.9 estimated AWQC 
Carcinogenic PAH 2630 FM Lyman 
PCB 3,500 LMB AWQC 
1,1,2,2-Tetrachloroethane 14 BS Lyman 
Arsenic 44 ? SPHEM 
Chromium VI 2.8 RT AWQC 
Chromium III 2.8 RT AWQC 
Lead 49 ? SPHEM 
Mercury 4994 FM AWQC 
Zinc 432 FF AWQC 

CRAB 
BCF 

(1/fcg crab) 

230,000*°) 

440 
440 

129 
8800 

Species*8* SQWTCS*b) 

BC 

C 
C 

AL 
BC 

AWQC 

AWQC 
AWQC 

AWQC 
AWQC 

Notes: 

*a)Species: BS = Bluegill sunfish; FN = Fathead Minnow; RT = Rainbow Trout; FF = Flagfish; 
BC = Blue Crab; C = Crustacean; AL = American Lobster; LMB = Large Mouth Bass 

*k)Sources: AWQC = Ambient Water Quality Criteria, U.S. EPA 1980; Lyman = Lyman et al., 1982; 
SPHEM = Superfund Public Health Evaluation Manual, U.S. EPA 1986. 

*°)Value derived for Arodor 1254. 
— No BCF was found for a taxonomically similar species 

9167H 6020-006-270 



TABLE 5-2 
CALCULATION OF CRAB TISSUE CONCENTRATION 

MODELED MODELED 
MEAN MEAN 

CHANNEL WATER CRAB TISSUE 
CONCENTRATION BCF CONCENTRATION 

CHEMICAL (MG/L) (L/KG) (MG/KG) 

ARSENIC 1.64E-02 * 0.00E+00 
BENZENE 2.00E-03 * 0.00E+O0 
CHROMIUM III 6.14E-03 440 2.70E+00 
CHROMIUM VI 2.39E-04 440 1.05E-01 
1,2-DICHLOROBENZENE 3.91E-05 * 0.00E+O0 
1,2-DIPHENYLHYDRAZINE 3.08E-05 * 0.00E+00 
LEAD 2.62E-03 * 0.00E+00 
MERCURY 3.51E-04 129 4.53E-02 
CARCINOGENIC PAH 1.50E-05 * 0.00E+00 
PCB 5.26E-04 230000 1.21E+02 
1,1,2,2-TETRACHLORETHANE 5.50E-03 * 0.00E+00 
ZINC 1.29E-01 8800 1.14E+03 

UOPCRAB5.WK1 

NOTES 

* = No BCF for taxonomically similar species was found for this 
chemical in the available literature; therefore it is not assessed 
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TABLE 5-3 
CALCULATION OF FISH TISSUE CONCENTRATION 

MODELED MODELED 
MEAN MEAN 

CHANNEL WATER FISH TISSUE 
CONCENTRATION BCF CONCENTRATION 

CHEMICAL (MG/L) (L/KG) (MG/KG) 

ARSENIC 1.64E-02 44 7.22E-01 
BENZENE 2.00E-03 5.21 1.04E-02 
CHROMIUM III 6.14E-03 2.8 1.72E-02 
CHROMIUM VI 2.39E-04 2.8 6.69E-04 
1,2-DICHLOROBENZENE 3.91E-05 89 3.48E-03 
1,2-DIPHENYLHYDRAZINE 3.08E-05 24.9 7.67E-04 
LEAD 2.62E-03 49 1.28E-01 
MERCURY 3.51E-04 4994 1.75E+00 
CARCINOGENIC PAH 1.50E-05 2630 3.94E-02 
PCB 5.26E-04 3500 1.84E+00 
1,1,2,2-TETRACHLORETHANE 5.50E-03 14 7.70E-02 
ZINC 1.29E-01 432 5.57E+01 

UOPFISH4.wkl 
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survey data indicate that only 1-10% of the total PCBs in blue 
crab are in the muscle tissue (depending on date and location 
of sample collection). 

The BCF for PCBs used in this assessment was derived for 
blue crab whole body under field conditions (Nimmo et al., 
1975). Because the experimental research was conducted in the 
field, the BCF derived reflects exposure to all pathways that 
naturally occur in the field, such as column water, pore water, 
sediments and food chain exposure routes. Therefore, the 
average PCB concentration in the edible muscle tissue is 
estimated through the following discussion. 

According to Wiedow (1981), the average blue crab weighs 
212 grams, much of which is water (Engle, personal 
communication). Assuming that the shell accounts for 
approximately 25% of the total crab weight, the weight of the 
shell can be calculated as: 

212 grams x 25% - 53 grams 

Wiedow (1981) further states that 60-70% of the total weight of 
the soft body parts is muscle, and 20% is hepatopancreas. The 
mean weight of the hepatopancreas is 19 grams; therefore, the 
mean weight of the soft body parts is: 

19 grams x 5 = 95 grams 

The total weight of the crab, excluding water, is then 
approximately: 

95 grams + 53 grams = 148 grams 

Using the NYDEC (1981) data, we can assume that 90% of the 
PCBs partitions into the hepatopancreas, and 10% partitions 
equally into the shell and soft body parts other than 
hepatopancreas. Therefore, the PCB concentration in shell and 
soft body parts (including edible muscle tissue) can be 
calculated as follows: 

11 
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121 mg/kg 
(whole body PCBs 
concentration; see 

Table 5-2) 

x 148 grams 
(Total crab 

weight, 
excluding 

water) 

1 kg 
1000 g 17.91 mg PCBs 

per crab 

17.91 mg PCBs x 0.10 - 1.79 mg PCB 
(Portion in shell 
and soft body parts 

excluding hepatopancreas) 

1.79 mg PCBs + 129 grams x = 13.9 mg/kg 
(Weight of shell ® 
and soft body parts 
excluding hepatopancreas) 

The PCBs concentration which will be used to estimate risks 
from crab ingestion is therefore 13.9 mg PCB/kg crab. 

9158H 6020-006-270 
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6. CALCULATION OF DOSE 

Once the concentration of each chemical in fish or crab 
has been determined, these values are used in the following 
equation to estimate human ingestion intake dose: 

Dose due to fish or crab ingestion (mg/kg/day) = 
Fish or crab concentration (mg/kg fish or crab) x 
gastrointestinal (GI) absorption adjustment factor 
(unitless) x daily fish ingestion rate (kg fish/day) x 
local intake factor x proportion remaining after cooking 
(unitless)/body weight (kg) 

An extensive literature search was undertaken to obtain 
the latest scientific data on GI absorption for the Indicator 
Compounds. The absorption adjustment factors that were 
obtained as a result of this search are listed in Table 6-1; 
the studies that these factors were obtained from are described 
in Appendix A. 

Surveys of fish and shellfish consumption that examined 
age-specific and region-specific ingestion rates were 
undertaken by Rupp et al. (1979). Data in the surveys were 
statistically analyzed to determine percentage distributions of 
individuals eating different quantities of marine and 
freshwater fish and shellfish. Fish and crab consumption rates 
used in this assessment are based on the average reported by 
Rupp et al. for persons residing in mid-Atlantic states; these 
are listed in Table 6-2. Assessment of edible fish utilized 
the freshwater finfish consumption rates, and blue crab 
consumption was based on the shellfish consumption rates. It 
was conservatively assumed that once per year an individual's 
daily shellfish intake will consist of blue crab from 
Ackerman's Creek. Similarly, it was assumed that once per year 
an individual will get their daily intake of fish from the most 
contaminated portion of Berry's Creek, i.e., at the mouth of 
Ackerman's Creek. 

9158H 6020-006-270 
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TABLE 6-1 
GI ABSORPTION ADJUSTMENT FACTORS 

Chemical QJ, AAF 

Arsenic 1 
Benzene 1 
Chromium III 0.01 
Chromium VI 0.15 
1,2-Dichlorobenzene 1 
1,2-Diphenylhydrazine 1 
Lead: Child 0.5 

Adult 0.15 
Mercury 0.0001 
Carcinogenic PAH 0.9 
PCB 1 
1,1,2,2-Tetrachloroethane 1 
Zinc 0.3 

9163H 6020-006-270 14 



TABLE 6-2 
FISH CONSUMPTION PATTERNS FOR THE MID-ATLANTIC REGION 

Average Consumption (y/day) 
Freshwater Finfish Shellfish 

Young Children (1-11 years) 0.33 0.74 

Older Children (12-18 years) 0.30 1.56 

Adults (19-70 years) 0.96 3.92 

Source: Rupp al. (1980) 

9163H 6020-006-270 15 



Several papers have reported that, at a minimum, 25% of 
the PCBs in fillets are lost during cooking (Puffer and 
Gossett, 1983; Zabik et al., 1979). This assessment 
conservatively assumes that 25% of all organic Indicator 
Compounds are lost during cooking, although it is likely that 
the smaller, lower molecular weight organics with high vapor 
pressures are lost to a greater degree. 

Body weights for the three age groups examined were 
determined from data provided in Anderson et al. (1985). These 
age-specific body weights are: 

• 1-11 years: 20 kg 
• 12-18 years: 51 kg 
• 19-70 years: 70 kg 

All intake calculations are provided in, Appendix B. 
Tables 6-3 and 6-4 summarize age-specific and total daily and 
lifetime intake doses calculated for crab and fish ingestion. 

9158H 6020-006-270 
16 



Table 6-3 

INTAKE DOSES BASED ON CONSUMPTION OF BLUE CRAB 
POTENTIALLY CAUGHT IN ACKERMAN'S CREEK 

YOUNGER CHILD OLDER CHILD ADULT 
YOUNGER CHILD LIFETIME OLDER CHILD LIFETIME ADULT LIFETIME TOTAL TOTAL 

CRAB AVERAGE DAILY AVERAGE DAILY AVERAGE DAILY AVERAGE DAILY AVERAGE DAILY AVERAGE DAILY AVERAGE LIFETIME 
CONCENTRATIONS INTAKE INTAKE INTAKE INTAKE INTAKE INTAKE DAILY INTAKE DAILY INTAKE 

CHEMICAL (ng/kg) (ng/kg/day) (ng/kg/day) (ng/kg/day) (ng/kg/day) (ntg/kg/day) (ng/kg/day) 

Arsenic O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
rsssssatsssaz 

O.OOE+OO 
Benzene O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
ChrcmiuB III 2.70E+00 2.74E-09 4.30E-10 2.27E-09 1.94E-10 4.14E-09 3.13E-09 9.14E-09 3.76E-09 
Chroniun VI 1.05E-01 1.60E-09 2.51E-10 1.32E-09 1.13E-10 2.42E-09 1.83E-09 5.33E-09 2.19E-09 
1,2-Dichlorobenzene O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1,2-DIphenyIhydrezine 0.00E+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Lead O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Mercury 4.53E-02 4.59E-13 7.21E-14 3.80E-13 3.26E-14 6.95E-13 5.26E-13 1.53E-12 6.31E-13 
Carcinogenic PAH O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
PIS 1.39E+01 1.06E-06 1.66E-07 8.75E-07 7.50E-08 1.60E-06 1.21E-06 3.53E-06 1.45E-06 
1,1,2,2-Tetrachloroethane O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Zinc 1.14E+03 3.47E-05 5.45E-06 2.87E-05 2.46E-06 5.24E-05 3.97E-05 1.16E-04 4.76E-05 

crabrisl.wkl 
05/04/89 

SOURCE: ENSR 1989 



Table 6-4 

INTAKE DOSES BASED ON CONSUWTION OF EDIBLE FISH 
CAUGHT IN BERRY'S CREEK 

YOUNGER CHILD OLDER CHILD ADULT 
YOUNGER CHILD LIFETIME OLDER CHILD LIFETIME ADULT LIFETIME TOTAL TOTAL 

FISH AVERAGE DAILY AVERAGE DAILY AVERAGE DAILY AVERAGE DAILY AVERAGE DAILY AVERAGE DAILY AVERAGE LIFETIME 
CONCENTRATIONS INTAKE INTAKE INTAKE INTAKE INTAKE INTAKE DAILY INTAKE DAILY INTAKE 

CHEMICAL (mg/kg) (mg/kg/day) (•g/kg/day) (mg/kg/day) (mg/kg/day) (mg/kg/day) (mg/kg/day) 

Arsenic 7.22E-01 3.2SE-08 5.11E-09 1.17E-08 1.00E-09 2.71E-08 2.05E-08 
nsssnerssssi 

7.13E-08 
IBaWMSBB8a» 

2.66E-08 
Benzene 1.04E-02 S.51E-10 5.52E-11 1.26E-10 1.086-11 2.93E-10 2.22E-10 7.70E-10 2.88E-10 
Chromiua III 1.72E-02 7.75E-12 1.22E-12 2.78E-12 2.39E-13 6.46E-12 4.89E-12 1.7DE-11 6.34E-12 
Chromium VI 6.69E-04 4.52E-12 7.10E-13 1.62E-12 1.39E-13 3.77E-12 2.85E-12 9.91E-12 3.70E-12 
1,2-Dichlorobenzene 3.48E-03 1.18E-10 1.85E-11 4.23E-11 3.62E-12 9.80E-11 7.42E-11 2.58E-10 9.63E-11 
1,2-Diphenylhydrazine 7.67E-04 2.59E-11 4.07E-12 9.31E-12 7.98E-13 2.16E-11 1.63E-11 S.68E-11 2.12E-11 
Lead 1.28E-01 2.88E-09 4.53E-10 1.04E-09 8.88E-11 7.21E-10 5.46E-10 4.64E-09 1.09E-09 
Mercury 1.75E+00 7.88E-12 1.24E-12 2.83E-12 2.43E-13 6.57E-12 4.97E-12 1.73E-11 6.4SE-12 
Carcinogenic PAH 3.94E-02 1.20E-09 1.88E-10 4.31E-10 3.69E-11 9.98E-10 7.56E-10 2.63E-09 9.81E-10 
PCB 1.84E+00 6.22E-08 9.77E-09 2.23E-08 1.92E-09 5.18E-08 3.92E-08 1.36E-07 5.09E-08 
1,1,2,2-Tetrachloroethane 7.7DE-02 2.60E-09 4.09E-10 9.35E-10 8.01E-11 2.17E-09 1.64E-09 5.70E-09 2.13E-09 
Zinc 5.57E+01 7.53E-07 1.18E-07 2.71E-07 2.32E-08 6.27E-07 4.75E-07 1.65E-06 6.16E-07 

fishrisl.ukl 
23-May-89 



7. ESTIMATION OF RISK 

Two types of risk will be evaluated in this document: 
noncarcinogenic and carcinogenic. Noncarcinogenic risk 
estimates are determined by dividing total daily intake doses 
(calculated as described in Section 6) for each appropriate 
indicator chemical by its RfD (See Table 3-1). This results in 
a ratio, or Hazard Index (HI). If the HI is less than or equal 
to one, the associated body dose level is likely to be without 
significant adverse noncarcinogenic health risk to humans. If 
the ratio is greater than one, the predicted intake dose could 
potentially result in adverse health effects. His for 
individual chemicals are summed to give a total HI. His should 
only be summed for chemicals with similar toxic endpoints, e.g. 
His for chemicals that produce liver effects should not be 
added to His for chemicals that produce only primary 
irritation. However, all His can be summed as a screening 
tool. If the resulting total HI is less than one, then no 
adverse health effects would be anticipated. However, if the 
total HI exceeds one, further analysis should be performed. 

Lifetime incremental carcinogenic risk estimates are 
determined by multiplying the lifetime intake levels by cancer 
potency slopes, which results in a cancer probability. To put 
these incremental risk levels into perspective, they should be 
evaluated against a reference (no-effect) level. However, for 
carcinogens, it is current USEPA policy that cancer induction 
is a non-threshold phenomenon. Therefore, any exposure is 
presumed to pose some probability of causing cancer, and a 
"safe" (i.e. no-effect) level cannot be determined. USEPA 
guidelines indicate that the target total individual lifetime 
incremental carcinogenic risk resulting from exposures at a 
Superfund site may range anywhere from 10~4 (that is, a dose 
corresponding to one excess chance in 10,000) to 10~7 (one 
excess chance in 10,000,000). Remedial alternatives being 
considered should be able to reduce total potential cancer 
risks to individuals to levels within this range (U.S. EPA, 
1986). 

19 
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8. PRESENTATION OF RISKS AND UNCERTAINTIES 

Potential risks associated with ingestion of blue crab 
from Ackerman's Creek and fish from Berry's Creek are presented 
in Tables 8-1 and 8-2. It can be seen from these tables that 
no noncarcinogenic adverse chronic health effects would be 
anticipated from ingestion of either species. The summary 
hazard index for crab ingestion is 0.00058 and for fish 
ingestion is 0.0000829. 

Total carcinogenic risk for both fish and crab were within 
the EPA target range for site clean-up. Total potential 
carcinogenic risk for crab ingestion is lxlO-5 and for fish 

— 7 ingestion is 4x10 
Uncertainties in the risk assessment process come from a 

variety of sources. Most of these were discussed in detail in 
Section 10 of Rev. 2, and will not be repeated here. An 
uncertainty associated specifically with the scenarios 
presented here concerns the calculation of crab and fish tissue 
concentration using BCFs. It is not known whether the BCFs 
used reflect actual site conditions for the species that are 
being studied; except for PCBs, where the BCF for crab tissue 
was derived under field conditions. Use of these BCFs could 
overestimate or underestimate actual fish and crab tissue 
concentrations at the site. For crab, because the BCF for PCBs 
was derived in the field, the estimate of crab tissue 
concentration of PCBs is likely to be realistic. The BCFs for 
crab tissue for several organic compounds and metals are 
unknown. Thus, the quantitative contribution to human health 
risks from these compounds is uncertain. For fish, it is much 
more likely that these BCFs overestimate tissue concentrations 
since they were derived for whole body rather than fillet. 

9158H 6020-006-270 
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Table 8-1 

POTENTIAL RISKS ASSOCIATED WITH IN6ESTING CRAB FROM ACKERMAN'S CREEK 

The hazard Index for potential chronic effects and the 95% upper bound excess lifetine cancer risk 
are shown for a person consuming crab caught at the UOP Site 

Scenarios include loss of organic chemicals through cooking processes. 
% 

Potential Threshold Effects Potential Cancer Risk 
Potential 

Potential Lifetime Carcinogenic Excess 
Crab Average Average Reference Potency Lifetine 

Concentration Daily Intake Daily Intake Dose Hazard Factor Cancer 
CHEMICAL (mg/kg) (mg/kg/day) (mg/kg/day) (mg/kg/day) Index (day-kg/mg) Risk 

Arsenic O.OOE+OO O.OOE+OO O.OOE+OO 1.00E-03 O.OOE+OO 1.75E-01 O.OOE+OO 
Benzene O.OOE+OO O.OOE+OO O.OOE+OO (a) (a) 2.90E-02 O.OOE+OO 
Chromium III 2.70E+00 9.14E-09 3.76E-09 1.00E+00 9.14E-09 (b) (b) 
Chromiun VI 1.05E-01 5.33E-09 2.19E-09 5.00E-03 1.07E-06 (b) (b) 
1,2-Dichlorobenzene O.OOÊ OO O.OOE+OO O.OOE+OO 4.00E-01 O.OOE+OO (b) (b) 
1,2-Diphenylhydrazine O.OOÊ OO O.OOE+OO O.OOE+OO (a) (a) 8.00E-01 O.OOE+OO 
Lead O.OOE+OO O.OOE+OO O.OOE+OO 1.40E-03 O.OOE+OO (b) (b) 
Mercury 4.53E-02 1.53E-12 6.31E-13 3.00E-04 5.11E-09 (b) (b) 
Carcinogenic PAH O.OOE+OO O.OOE+OO O.OOE+OO (a) (a) 1.15E+01 O.OOE+OO 
PCB 1.39E+01 3.53E-06 1.45E-06 (a) (a) 7.70E+00 1.12E-05 
1,1,2,2-Tetrechloroethane 0.00E+00 O.OOE+OO O.OOE+OO (a) (a) 2.00E-01 O.OOE+OO 
Zinc 1.KE+03 1.16E-04 4.76E-05 2.00E-01 5.79E-04 (b) (b) 

Summed Index 5.80E-04 Sunned Risk 1.12E-05 

erabris1.wfc1 
05/04/89 

(a): The U.S. EPA has not derived an AIC for this compound. 
(b): This compound is not thought to be carcinogenic. 

SOURCE: ENSR 1989 



Table 8-2 

POTENTIAL RISKS ASSOCIATED WITH INGESTING FISH FROM BERRY'S CREEK 

The hazard Index for potential chronic effects and the 95% upper bound excess lifetime cancer risk 
are shown for a person consuafng fish caught at the UOP Site 

Scenarios Include loss of organic chemicals through cooking processes. 

Potential Threshold Effects Potential Cancer Risk 
Potential 

Potential Lifetime Carcinogenic Excess 
Fish Average Average Reference Potency Lifetime 

Concentration Dally Intake Dally Intake Dose Hazard Factor Cancer 
CHEMICAL (mg/kg) (mg/kg/day) (mg/kg/day) (mg/kg/day) Index (day-kg/mg) Risk 

Arsenic 7.22-01 7.13E-08 2.66E-08 1.00E-03 7.13E-05 1.75E-01 4.66E-09 
Benzene 1.04E-02 7.70E-10 2.88E-10 (a) (a) 2.90E-02 8.34E-12 
Chromium III 1.72E-02 1.70E-11 6.34E-12 1.00E+00 1.70E-11 (b) (b) 
Chromiua VI 6.69E-04 9.91E-12 3.70E-12 5.00E-03 1.98E-09 (b) (b) 
1,2-DIchlorobenzene 3.48E-03 2.58E-10 9.83E-11 4.00E-01 6.44E-10 (b) (b) 
1,2-Dfphenyl hydrazine 7.67E-04 5.68E-11 2.12-11 (a) (a) 8.00E-01 1.70E-11 
Lead 1.28E-01 4.64E-09 1.09E-09 1.40E-03 3.31E-06 (b) (b) 
Mercury 1.75E+00 1.73E-11 6.45E-12 3.00E-04 5.76E-08 (b) (b) 
Carcinogenic PAH 3.94E-02 2.63E-09 9.81E-10 (a) (a) 1.15E+01 1.13E-08 
PCB 1.84E+00 1.36E-07 5.09E-08 (a) (a) 7.70E+00 3.92-07 
1,1,2,2-Tetrachloroethane 7.70E-02 5.70E-09 2.13E-09 (a) (a) 2.00E-01 4.26E-10 
Zinc 5.57E«01 1.65E-06 6.16E-07 2.00E-01 8.25E-06 (b) (b) 

Sunned Index 8.29E-05 Sunned Risk 4.08E-07 

fishrlsl.wkl 
23-Key-89 

(a): The U.S. EPA has not derived an AIC for this compound. 
(b): This compound Is not thought to be carcinogenic. 

SOURCE: ENSR 1989 



9. SUMMARY OF BISKS ASSOCIATED WITH DIRECT AND INDIRECT 
EXPOSURE PATHWAYS IN AREA 4 

Risks associated with both direct and indirect exposure 
pathways in Area 4 are summarized in Table 9-1. Direct contact 
with sediments and surface water were assessed in Rev. 2, 
Appendix B. Hazard indices for all direct exposure scenarios 
are much less than one, indicating that the associated body 
dose levels would not be expected to cause chronic 
noncarcinogenic adverse health effects. Total carcinogenic 
risks associated with direct exposure scenarios are also very 

O low. The total risks for sediments range from 8 x 10 to 4 
-7 -9 x 10 , and for surface water range from 1 x 10 to 1 x 

— 8 10 . All carcinogenic risks are therefore below the U.S. 
EPA target risk range for site clean-up considerations. It can 
be concluded that direct contact with sediments and surface 
water in the Area 4 stream channels would not pose a threat to 
human health under reasonable worst case conditions. 

Risks associated with indirect exposure due to fish and 
crab ingestion were assessed in this document. Noncarcinogenic 
adverse chronic health effects would not be anticipated from 
ingestion of either species. The summary hazard index for crab 
ingestion is 0.00058 and for fish ingestion is 0.0000829. 
Total carcinogenic risks for both fish and crab were within the 
EPA target range for site clean-up considerations. Total 
potential carcinogenic risk for crab ingestion is 1 x 10~5. 
Although certain chemicals were not quantitatively assessed in 
the crab ingestion scenario, using worst-possible-case 
assumptions for the organic compounds, the calculated potential 
cancer risk will still be in the 10~5 range (see 
Appendix C). Total potential carcinogenic risk for fish 

-7 ingestion is 4 x 10 

9158H 6020-006-270 
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TABLE 9-1 
AREA 4 RISK SUMMARY TABLE 

UOP SITE, EAST RUTHERFORD, NJ 

Medium 

Sediments 

Surface Water 

Fish 

Crab 

Total Hazard Index 
Maximum Average 

0.0019 0.00036 

0.00038 0.00015 

0.0000829 

0.00058 

Total Cancer Risk 
Maainmrn Average 
4 x 10"7 8 x 10-8 

1 x 10~8 1 x 10~9 

4 x 10~7 

1 x 10~5 

9165H 6020-006-270 24 



APPENDIX A 
DERIVATION OF GASTROINTESTINAL ABSORPTION 

ADJUSTMENT FACTORS 
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APPENDIX A 
DERIVATION OF GASTROINTESTINAL ABSORPTION ADJUSTMENT FACTOR 

The gastrointestinal (GI) absorption adjustment factors 
(AAF) used throughout this risk assessment were derived after 
an extensive literature search of the relevant pharmacokinetic 
data for the indicator chemicals. Brief summaries of the 
experimental sources of the AAFs are described below. In many 
cases these AAFs will overestimate actual absorption since most 
of the data were derived using pure or diluted chemicals, 
ignoring the potential for matrix attenuation. 

Arsenic 

A GI AAF of 1.0 was used for arsenic based upon a reported 
>95% GI absorption in humans (USEPA, 1984). 

Benzene 

ATSDR (1987k) reports that case studies of accidental or 
intentional poisoning of humans have indicated that benzene is 
readily and rapidly absorbed by the oral route. In addition, 
Parke and Williams (1953a) reported that approximately 90% of 
the administered dose of "^C-labeled benzene administered 
orally to rabbits (0.34 to 0.5 g/kg) was accounted for in the 
total radioactivity eliminated in exhaled air and urine. Based 
on these findings, a GI AAF of 1.0 was used for Benzene. 

Chromium XII 

Donaldson and Barreras (1966) reported that, in humans, 
51 approximately 0.4% of the Cr from an oral dose of 

51CrCl3 was absorbed. Therefore, a GI AAF of 0.01 (1%) was 
conservatively chosen for Chromium III. 

9161H 6020-006-270 
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Chromium VI 

Donaldson and Barreras (1966) found that - 10.6% of the 
51 51 Cr from an oral dose of CrNa2Cr04 was absorbed in 
humans. Based on this finding, a GI AAF of 0.15 (15%) was 
conservatively chosen for Chromium VI. 

1.2-Pichlorpbenzene 

No quantitative data could be found on the 
gastrointestinal absorption of 1,2-dichlorobenzene in humans or 
animals. A GI AAF of 1.0 was used as a worst-case estimate. 

1.2-Diphenvlhvdrazine 

No quantitative data could be found on the GI absorption 
of 1,2-diphenylhydrazine in humans or animals. A GI AAF of 1.0 
was used as a worst-case estimate. 

Lead 

GI absorption of lead from the diet in children is 
reported to be about 50% while the GI absorption factor in 
adults ranges from 8% (Hammond, 1982) to 15% (Chamberlain 
et al., 1978). Based on these data, the GI AAF used is 0.50 
for children and 0.15 for adults. 

Mercury 

A GI AAF of 0.0001 was used for mercury based on Doull 
et al.'s (1980) report of poor GI absorption of probably less 
than 0.01%. 

9161H 6020-006-270 
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Carcinogenic PAH 

Benzo(a)pyrene (B(a)P) was used to represent carcinogenic 
PAH. A GI AAF of 0.9 was derived for B(a)P based upon a study 
by Hecht et al. (1979). Hecht et al. (1979) administered 
14 C-labeled B(a)P (0.04 pnol, 0.4^mol and 4.0 pmol) 
dissolved in peanut oil to rats by gavage. The total excretion 
averaged 74 to 79% from 0 to 48 hours and 85% from 0 to 168 
hours. 

ECS 

A GI AAF of 1.0 was used for PCB based upon a study by 
Albro and Fishbein (1972) in which greater than 90% of orally 
administered PCB was retained (fed minus excreted) by rats. 

1.1.2.2-Tetrachloroethane 

Human studies involving absorption of 
1,1,2,2-tetrachloroethane following oral exposure were not 
available in the literature. Milman et al. (1984) reported 
that rats and mice absorbed most of the dose of 
1,1,2,2-tetrachloroethane following oral exposure but the 
specifics of the experiment were not available. Mitoma et al. 
(1985) reported that rats and mice metabolized 70% of an oral 
dose of 1,1,2,2-tetrachloroethane within 48 hours indicating at 
least that much absorption. Based on the relatively high 
absorption in rats and mice and the lack of human absorption 
data, a GI AAF of 1.0 was used as a worst case estimate. 

Zinc 

ATSDR (1989) reports that approximately 20-30% of all zinc 
ingested is absorbed in those with adequate physiological 
levels of zinc. Based on these data, a GI AAF of 0.30 was used 
in this risk assessment. 

A-3 
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APPENDIX B 
CALCULATION OF EXPOSURE AND RISK DUE TO 

FISH AND CRAB INGESTION 
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CALCULATION OF EXPOSURE AND RISK FROM INGESTING BLUE CRAB 

(Data from Modeled Mean Channel Water Concentrations) 

9160H 6020-006-270 



UOP Sfte -̂ •man Health Risk Assessment Prepared by: LKU 
Exposure and Risk from Ingesting Blue Crab QA/QC by: ROC/ETH 
Data from Modelled Mean 
crabrisl.wkl ° 
05/04/89 

INTAKE ASSUMPTIONS 

CRAB INGESTION INTAKE 
•Shellfish Consumption Rate (Young Ch1ldren)(kg shellfish/day) 
•Shellfish Consumption Rate (Older Children)(kg shellfish/day) 
•Shellfish Consumption Rate (Adults)(kg shellfish/day) 
•Body Height (Younger Children)(kg) 
•Body Height (Older Children)(kg) 
•Body Height (Adults)(kg) 
•Exposure period (Younger Children)(yr/yr) 
•Exposure period (Older Children)(yr/yr) 
•Exposure period (Adults)(yr/yr) 
•Local Consunption Factor 

CHEMICAL PARAMETER 

Crab Cone. Cooking 
(mg/kg) Factor 

Arsenic 0.00E+00 1 
Benzene 0.00E+00 0.75 
Chromium III 2.70E+00 1 
Chromium VI 1.05E-01 1 
1,2-Dtchlorobenzene 0.00E+00 0.75 
1,2-Diphenylhydrazine 0.00E+00 0.75 
Lead O.OOE+OO 1 
Mercury 4.53E-02 1 
Carcinogenic PAH O.OOE+OO 0.75 
PCB 1.39E+01 0.75 
1,1,2,2-Tetrachloroethane 0.00E+00 0.75 
Zinc 1.14E+03 1 

Assused Value 

7.40E-04 
1.56E-03 
3.92E-03 

20 
51 
70 

11/70 
6/70 
53/70 

0.0027 

GI AAF G! AAF Accep. Intake Care. Poten. 
(Adult) (Child) Chronic (AIC) Factor (CPF) 

1 1 1.00E-03 1.75E-01 
1 1 2.90E-02 

0.01 0.01 1.00E+00 
0.15 0.15 5.00E-03 

1 1 4.00E-01 
1 1 8.00E-01 

0.15 0.5 1.40E-03 
0.0001 0.0001 3.00E-04 

0.9 0.9 1.15E+01 
1 1 7.70E+00 
1 1 2.00E-01 

0.3 0.3 2.00E-01 



SHELLFISH iWSTION INTAKE 

YOUNGER CHILDREN 
Crab Crab Consusption Body 

Concentration Rate Weight 
CHEMICAL (tng/kg) (kg crab/day) (kg) 

Arsenic O.OOE+OO 7.40E-04 20 
Benzene O.OOE+OO 7.40E-04 20 
Chromiua III 2.70E+00 7.40E-04 20 
Chromium VI 1.05E-01 7.40E-04 20 
1,2-DichIorobenzene O.OOE+OO 7.40E-04 20 
1,2-Oiphenylhydrazine O.OOE+OO 7.40E-04 20 
Lead O.OOE+OO 7.40E-04 20 
Mercury 4.53E-02 7.40E-04 20 
Carcinogenic PAH O.OOE+OO 7.40E-04 20 
PCB 1.39E+01 7.40E-04 20 
1,1,2,2-Tetrachloroethane O.OOE+OO 7.40E-04 20 
Zinc 1.14E+03 7.40E-04 20 

crabrisl.wkl 
05/04/89 

Cooking 
Factor 

GI 
Absorption 
Adjustment 
Factor 

Local 
Consumption 
Factor 

Average 
Daily Exposure 
Intake Period 

(mg/kg/day) (yr/yr) 

LIFETIME 
AVERAGE DAILY 

INTAKE 
(mg/kg/day) 

1 1 0.002739726 O.OOE+OO 1.57E-01 O.OOE+OO 
0.75 1 0.002739726 O.OOE+OO 1.57E-01 O.OOE+OO 

1 0.01 0.002739726 2.74E-09 1.57E-01 4.30E-10 
1 0.15 0.002739726 1.60E-09 1.57E-01 2.51E-10 

0.75 1 0.002739726 O.OOE+OO 1.57E-01 O.OOE+OO 
0.75 1 0.002739726 O.OOE+OO 1.57E-01 O.OOE+OO 

1 0.5 0.002739726 O.OOE+OO 1.57E-01 O.OOE+OO 
1 0.0001 0.002739726 4.59E-13 1.57E-01 7.21E-14 

0.75 0.9 0.002739726 O.OOE+OO 1.57E-01 O.OOE+OO 
0.75 1 0.002739726 1.06E-06 1.57E-01 1.66E-07 
0.75 1 0.002739726 O.OOE+OO 1.57E-01 O.OOE+OO 

1 0.3 0.002739726 3.47E-05 1.57E-01 5.45E-06 



1^  ̂OLDER CHILMB) GI Average LIFETIME 
Crab Crab Consumption Body Absorption Local Daily Exposure AVERAGE DAI LI 

Concentration Rate Weight Cooking Adjustment Consumption Intake Period INTAKE 
CHEMICAL (•g/kg) (kg crab/day) (kg) Factor Factor Factor (e«/kg/day) (yr/yr) (mg/kg/day) 

Arsenic O.OOE+OO 1.56E-03 51 1 1 0.002739726 O.OOE+OO 8.57E-02 O.OOE+OO 
Benzene O.OOE+OO 1.56E-03 51 0.75 1 0.002739726 O.OOE+OO 8.57E-02 O.OOE+OO 
Chronica ill 2.70E+00 1.56E-03 51 1 0.01 0.002739726 2.27E-09 8.57E-02 1.94E-10 
Chroniua VI 1.05E-01 1.56E-03 51 1 0.15 0.002739726 1.32E-09 8.57E-02 1.13E-10 
1,2-D1 cti lorobenzene O.OOE+OO 1.56E-03 51 0.75 1 0.002739726 O.OOE+OO 8.57E-02 O.OOE+OO 
1,2-Diphenylhydrazine O.OOE+OO 1.56E-03 51 0.75 1 0.002739726 O.OOE+OO 8.57E-02 O.OOE+OO 
Lead O.OOE+OO 1.56E-03 51 1 0.5 0.002739726 O.OOE+OO 8.57E-02 O.OOE+OO 
Mercury 4.53E-02 1.56E-03 51 1 0.0001 0.1X12739726 3.80E-13 8.57E-02 3.26E-14 
Carcinogenic PAH O.OOE+OO 1.566-03 51 0.75 0.9 0.002739726 O.OOE+OO 8.57E-02 O.OOE+OO 
PCB 1.39E+01 1.56E-03 51 0.75 1 0.002739726 8.75E-07 8.57E-02 7.50E-08 
1,1,2,2-Tetrachloroethane O.OOE+OO 1.56E-03 51 0.75 1 0.002739726 O.OOE+OO 8.57E-02 O.OOE+OO 
Zinc 1.14E+03 1.56E-03 51 1 0.3 0.002739726 2.87E-05 8.57E-02 2.46E-06 

crabrisl.ukl 
05/04/89 



ADULTS 
Crab Crab Consumption Body 

Concentration Rate Weight 
CHEMICAL (ntg/kg) (kg crab/day) (kg) 

Arsenic O.OOE+OO 3.92E-03 70 
Benxene 0.00E+00 3.92E-03 70 
Chroniua III 2.70E+00 3.92E-03 70 
Chromlua VI 1.05E-01 3.92E-03 70 
1,2-Di ch I orobenzene O.OOE+OO 3.92E-03 70 
1,2-D1phenyIhydraz1ne O.OOE+OO 3.92E-03 70 
Lead O.OOE+OO 3.92E-03 70 
Mercury 4.53E-02 3.92E-03 70 
Carcinogenic PAH O.OOE+OO 3.92E-03 70 
PCB 1.39E+01 3.92E-03 70 
1,1,2,2-Tetrachloroethane O.OOE+OO 3.92E-03 70 
Zinc 1.14E+03 3.92E-03 70 

crabrisl.ukl 
05/04/89 

Cooking 
Factor 

GI 
Absorption Local 
Adjustment Consumption 
Factor Factor 

Average 
Dally Exposure 
Intake Period 

(ag/kg/day) (yr/yr) 

LIFETIME 
AVERAGE DAILY 

INTAKE 
(mg/kg/day) 

1 1 0.002739726 O.OOE+OO 7.57E-01 O.OOE+OO 
0.75 1 0.002739726 O.OOE+OO 7.57E-01 O.OOE+OO 

1 0.01 0.002739726 4.14E-09 7.57E-01 3.13E-09 
1 0.15 0.002739726 2.42E-09 7.57E-01 1.83E-09 

0.75 1 0.002739726 O.OOE+OO 7.57E-01 O.OOE+OO 
0.75 1 0.002739726 O.OOE+OO 7.57E-01 O.OOE+OO 

1 0.15 0.002739726 O.OOE+OO 7.57E-01 O.OOE+OO 
1 0.0001 0.002739726 6.95E-13 7.57E-01 5.26E-13 

0.75 0.9 0.002739726 O.OOE+OO 7.57E-01 O.OOE+OO 
0.75 1 0.002739726 1.60E-06 7.57E-01 1.21E-06 
0.75 1 0.002739726 O.OOE+OO 7.57E-01 O.OOE+OO 

1 0.3 0.002739726 5.24E-05 7.57E-01 3.97E-05 



CALCULATION OF EXPOSURE AND RISK FROM INGESTING FISH 

(Data From Modeled Mean Channel Water Concentrations) 

9160H 6020-006-270 



^^fenan UOP Site -̂ •Bnan Health Risk Assessment Prepared by: LKU 
Exposure and Risk from Ingesting Fish OA/OC by: RDC/ETH 
Data from Modelled Mean 
fishrisl.ukl 

23-May-89 

INTAKE ASSUMPTIONS 
iaiS8l«aBSS88SS8U8Sa 

FISH INGESTION INTAKE 

Assumed Value 

"Freshwater Finfish Consumption Rate (Young ChildrenXkg fish/day) 3.29E-04 
"Freshwater Finfish Consumption Rate (Older ChildrenXkg fish/day) 3.01E-04 
"Freshwater Finfish Consumption Rate (AdultsXkg fish/day) 9.59E-04 
"Body Weight (Youiger ChildrenXkg) 20 
"Body Weisrfit (Older ChildrenXkg) 51 
"Body Weight (AdultsXkg) 70 
"Exposure period (Younger ChildrenXyr/yr) 11/70 
"Exposure period (Older ChildrenXyr/yr) 6/70 
"Exposure period (A<kilts)(yr/yr) 53/70 
"Local Consumption Factor 0.0027 

CHEMICAL PARAMETER 

Fish Cone. Cooking G! AAF GI AAF Accep. Intake Care. Poten. 
(mg/kg) Factor (Adult) (Child) Chronic (AIC) Factor (CPF) 

Arsenic 7.22E-01 1 1 1 1.00E-03 1.75E-01 
Benzene 1.04E-02 0.75 1 1 2.90E-02 
Chromium III 1.72E-02 1 0.01 0.01 1.00E+00 
Chromium VI 6.69E-04 1 0.15 0.15 5.00E-03 
1,2-Dichlorobenzene 3.48E-03 0.75 1 1 4.00E-01 
1,2-Diphenylhydrazine 7.67E-04 0.75 1 1 8.00E-01 
Lead 1.28E-01 1 0.15 0.5 1.40E-Q3 
Mercury 1.75E+00 1 0.0001 0.0001 3.00E-04 
Carcinogenic PAH 3.94E-02 0.75 0.9 0.9 1.15E+01 
PCB 1.84E+00 0.75 1 1 7. TOE+00 
1,1,2,2-Tetrachloroethane 7.70E-02 0.75 1 1 2.00E-01 
Zinc 5.57E+01 1 0.3 0.3 2.00E-01 



FRESHWATER Wl ISH INGESTION INTAKE 

YOUNGER CHILDREN 
Fish Fish Consumption Body 

Concentration Rate Weight 
CHEMICAL (mg/kg) (kg fish/day) (kg) 

Arsenic 7.22E-01 3.29E-04 20 
Benzene 1.04E-02 3.29E-04 20 
Chromium III 1.72E-02 3.29E-04 20 
Chromium VI 6.69E-04 3.29E-04 20 
1,2-D i ch I orobenzene 3.48E-03 3.29E-04 20 
1,2-Diphenylhydrazine 7.67E-04 3.29E-QA 20 
Lead 1.28E-01 3.29E-04 20 
Mercury 1.75E+00 3.29E-04 20 
Carcinogenic PAH 3.94E-02 3.29E-04 20 
PCB 1.84E+00 3.29E-04 20 
1,1,2,2-Tetrachloroethane 7.70E-02 3.29E-04 20 
Zinc 5.57E+01 3.29E-04 20 

fishrisl.wkl 
23-May-89 

GI Average LIFETIME 
Absorption Local Daily Exposure AVERAGE DAILY 

Cooking Adjustment Consumption Intake Period INTAKE 
Factor Factor Factor (mg/kg/day) (yr/yr) (mg/kg/day) 

1 1 0.002739726 3.25E-08 1.57E-01 5.11E-09 
0.75 1 0.002739726 3.51E-10 1.57E-01 5.52E-11 

1 0.01 0.002739726 7.75E-12 1.57E-01 1.22E-12 
1 0.15 0.002739726 4.52E-12 1.57E-01 7.10E-13 

0.75 1 0.002739726 1.18E-10 1.57E-01 1.85E-11 
0.75 1 0.002739726 2.59E-11 1.57E-01 4.07E-12 

1 0.5 0.002739726 2.88E-09 1.57E-01 4.53E-10 
1 0.0001 0.002739726 7.88E-12 1.57E-01 1.24E-12 

0.75 0.9 0.002739726 1.20E-09 1.57E-01 1.88E-10 
0.75 1 0.002739726 6.22E-08 1.57E-01 9.77E-09 
0.75 1 0.002739726 2.60E-09 1.57E-01 4.09E-10 

1 0.3 0.002739726 7.53E-07 1.57E-01 1.18E-07 



• • * 
OLDER CHILDREN CI Average LIFETIME 

Fish Fish Consumption Body Absorption Local Daily Exposure AVERAGE DAILY 
Concentration Rate Weight Cooking Adjustment Consumption Intake Period INTAKE 

CHEMICAL (ng/kg) (kg fish/day) (kg) Factor Factor Factor (mg/kg/day) (yr/yr) (mg/kg/day) 

Arsenic 7.22E-01 3.01E-04 51 1 1 0.002739726 1.17E-08 8.57E-02 1.00E-09 
Benzene 1.04E-02 3.01E-04 51 0.75 1 0.002739726 1.26E-10 6.57E-02 1.08E-11 
Chrasiui III 1.72E-02 3.01E-04 51 1 0.01 0.002739726 2.78E-12 8.57E-02 2.39E-13 
Chromlua VI 6.69E-04 3.01E-04 51 1 0.15 0.002739726 1.62E-12 8.57E-02 1.39E-13 
1,2-Dichlorobenzene 3.48E-03 3.01E-04 51 0.75 1 0.0027397̂ 6 4.23E-11 8.57E-02 3.62E-12 
1,2-Diphenylhydrazine 7.67E-04 3.01E-04 51 0.75 1 0.002739726 9.31E-12 8.57E-02 7.98E-13 
Lead 1.28E-01 3.01E-04 51 1 0.5 0.002739726 1.04E-09 8.57E-02 8.88E-11 
Mercury 1.75E+00 3.01E-04 51 1 0.0001 0.002739726 2.83E-12 8.57E-02 2.43E-13 
Carcinogenic PAH 3.94E-02 3.01E-04 51 0.75 0.9 0.002739726 4.31E-10 8.57E-02 3.69E-11 
PCB 1.84E+00 3.01E-04 51 0.75 1 0.002739726 2.23E-08 8.57E-02 1.92E-09 
1,1,2,2-Tetrachloroethane 7.70E-02 3.01E-04 51 0.75 1 0.002739726 9.35E-10 8.57E-02 8.01E-11 
Zinc 5.57E+01 3.01E-04 51 1 0.3 0.002739726 2.71E-07 8.57E-02 2.32E-08 

fishrisl.ukl 
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• • • 
*DULTS CI Average LIFETIME 

El«k Eljik  ̂ . I - • . r , ... _ 

ADULTS GI Average LIFETIME 
Fish Fish Consumption Body Absorption Local Daily Exposure AVERAGE DAILI 

Concentration Rate Weight Cooking Adjustment Consumption Intake Period INTAKE 
CHEMICAL (no/kg) (kg fish/day) (kg) factor Factor Factor (mg/kg/day) (yr/yr) (mg/kg/day) 

Arsenic 7.22E-01 9.59E-04 70 1 1 0.002739726 2.71E-08 7.57E-01 2.05E-08 
Benzene 1.04E-02 9.59E-04 70 0.75 1 0.002739726 2.93E-10 7.57E-01 2.22E-10 
ChromiuB III 1.72E-02 9.59E-04 70 1 0.01 0.002739726 6.46E-12 7.57E-01 4.89E-12 
Chromium VI 6.69E-04 9.59E-04 70 1 0.15 0.002739726 3.77E-12 7.57E-01 2.B5E-12 
1,2-Dichlorobenzene 3.48E-03 9.59E-04 70 0.75 1 0.002739726 9.80E-11 7.57E-01 7.42E-11 
1,2-DIphenylhydrazine 7.67E-04 9.59E-04 70 0.75 1 0.002739726 2.16E-11 7.57E-01 1.63E-11 
Lead 1.28E-01 9.59E-04 70 1 0.15 0.002739726 7.21E-10 7.57E-01 5.466-10 
Mercury 1.75E+00 9.59E-04 70 1 0.0001 0.002739726 6.57E-12 7.57E-01 4.97E-12 
Carcinogenic PAH 3.94E-02 9.59E-04 70 0.75 0.9 0.002739726 9.98E-10 7.57E-01 7.56E-10 
PCB 1.84E+00 9.59E-04 70 0.75 1 0.002739726 5.186-08 7.57E-01 3.92E-08 
1,1,2,2-Tetrachloroethane 7.70E-02 9.59E-04 70 0.75 1 0.002739726 2.17E-09 7.57E-01 1.64E-09 
Zinc 5.57E+01 9.59E-04 70 1 0.3 0.002739726 6.27E-07 7.57E-01 4.75E-07 

fishrisl.ukl 
23-May-89 



APPENDIX C 
QUALITATIVE ASSESSMENT OF RISKS FROM 

COMPOUNDS LACKING CRAB BCFs 



INTRODUCTION 

Human health risks associated with the consumption of 
crabs from Ackerman's Creek cannot be quantified for chemicals 
for which no BCFs in crab tissue are reported in the 
literature. Crab BCFs have not been calculated for: arsenic, 
lead, benzene, 1,2-dichlorobenzene, 1,2-diphenylhydrazine, 
carcinogenic PAH, and 1,1,2,2-tetrachloroethane. The potential 
human health risks from these chemicals, however, can be 
qualitatively examined. 

Because bioconcentration depends on both species-specific 
and chemical-specific characteristics, BCFs cannot be estimated 
using a comparative approach between taxonomically unrelated 
species. Thus, available information on the bioconcentration 
of various chemicals by fish cannot be used to quantitatively 
predict bioconcentration of those same chemicals in crabs. The 
approach described in this appendix qualitatively ranks crab 
bioconcentration of chemicals on the basis of the chemical-
specific characteristics of solubility. This approach is used 
for organic chemicals, but cannot be applied to metals, because 
the bioconcentration of metals depends only in part on 
solubility. When fish tissue BCFs for metals were compared, it 
was observed that they do not correlate with K , nor do they OVT 
correlate with the crab tissue BCFs. Thus, crab BCFs for 
arsenic and lead are neither quantitatively nor qualitatively 
assessed and the effect of these chemicals on humans through 
consumption of crabs is not estimated. 

BCF Relative Ranking 

For organic compounds, the degree to which a compound 
bioaccumulates is inversely related to a compound's water 
solubility (Oliver and Niimi, 1985). In other words, the more 
water-soluble a compound, the less likely it is to 
bioaccumulate. By ranking the compounds according to their 
octanol-water partition coefficient (K ), which is related ow 
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to the compound's solubility, a relative ranking of 
bioconcentration can be established for the organic Indicator 
Compounds (benzene, 1,2-dichlorobenzene, 1,2-diphenylhydrazine, 
carcinogenic PAH, PCB, and 1,1,2,2-tetrachloroethane). 
Table C-l shows the relative ranking of K versus BCF for ow 
fish tissue and the predicted relative ranking of K versus ow 
BCF for crab tissue. Trends in the ratio of K to BCF for ow 
fish tissues indicate that the highly lipophilic compounds (as 
indicated by high KQW)# such as PCBs, bioconcentrate to a 
much greater degree than do the less lipophilic compounds. 

In addition to ranking the compounds according to their 
predicted BCFs, the relative magnitude of the BCFs in crab 
tissue is also estimated. This was done by assuming that the 
BCF for PCB is 1, and that the BCF for other compounds is equal 
to the K of that compound divided by the K of PCB. The ow ow 
relative magnitudes of BCFs (Table C-l) should not be used to 
quantify bioconcentration of the chemicals in blue crabs, but 
can be used for predicting effects on a relative basis. 

Crab Tissue Concentrations and Potential Dose to Humans 

Using the relative magnitudes of BCFs for organic 
Indicator Compounds in crab tissue (see Table C-l), general 
statements can be made about the anticipated relative crab 
tissue concentrations. Relative crab tissue concentration is 
estimated by multiplying the predicted water concentration of 
the organic Indicator Compound by its respective BCF which is 
relative to the BCF for PCBs. Because the predicted water 
concentrations of 1,2-diphenylhydrazine, 1,2-dichlorobenzene, 
and carcinogenic PAH are all lower than the predicted water 
concentration of PCBs and the BCFs for these three chemicals 
are assumed to be lower than the BCF for PCBs (Table C-l), it 
follows that crab tissue concentrations for these chemicals 
will be lower than those estimated for PCBs. Even though the 
predicted water concentrations of benzene and 
1,1,2,2-tetrachloroethane are an order of magnitude 

9202H 6020-006-270 
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TABLE C-l 
RELATIVE RANKINGS OF BCFs FOR ORGANIC CHEMICALS 

IN FISH AND CRAB BASED ON K 

O 
GJ 

Chemical Ranking V 

Benzene Lowest 131.8 

1,1,2,2-Tetrachloroethane 245.5 

1,2-Diphenylhydrazine 794.3 

1,2-Dichlorobenzene 3,981.1 

Carcinogenic PAH 651,213.7 

PCB Highest 1,096,478.2 

ow 

BCFs for Fish 
(from Table 5-3) 

5.21 

14 

24.9 

89 

2,630 

3,500 

Predicted Magnitude 
BCFs for Crab of BCFs Relative to 
from Table 5-2) for PCB 

» 0.0001 

* 0.0002 

* 0.0007 

» 0.004 

« 0.59 

230,000 1.0 

Notes: 

*BCF for a taxonomically similar species was not found in the available literature. 

"Source: U.S. EPA, 1986 
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higher than that estimated for PCBs, the BCFs are assumed to be 
two or three orders of magnitude lower than the BCF for PCBs 
(Table C-l). Thus, the crab tissue concentration of benzene 
and 1,1,2,2-tetrachloroethane is assumed to be one to two 
orders of magnitude lower than the concentration of PCBs. 

Once crab tissue concentrations of the organic Indicator 
Compounds relative to PCB are known, the potential dose to 
someone eating crabs needs to be estimated in order to estimate 
any potential human health risks. Of the parameters used to 
convert crab tissue concentration to potential human dose, only 
one, the gastrointestinal absorption factor (GI AAF), has the 
potential to affect the estimated relative magnitudes of the 
potential dose, because it is not constant for all the organic 
Indicator Compounds. But, because the GI AAF is assumed to be 
1 for all organic Indicator Compounds except potentially 
carcinogenic PAH, for which it is assumed to be 0.9, the effect 
of GI AAF on the relative ranking of potential dose to people 
ingesting crabs is minor and the relative magnitude of 
potential dose is the same as the relative ranking of crab 
tissue concentration of the organic Indicator Compound. 

Ranking of Potential Human Health Risks 

Although the potential risks cannot be quantified for the 
organic Indicator Compounds for which there were no crab tissue 
BCFs, some general conclusions can be drawn about the risks 
associated with these chemicals relative to the potential risks 
posed by PCBs. Because potential lifetime incremental cancer 
risk is estimated by multiplying predicted dose by cancer 
potency, an estimate of the relative magnitude of potential 
risks relative to PCBs can be established by multiplying the 
estimated relative doses by the cancer potency of each organic 
Indicator Compound. It must be stressed that this is not a 
quantitative estimate of potential risk from these organic 
Indicator Compounds because actual BCF values are not 
available. This relative ranking of potential risk can be 
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represented as Relative Risk Ranking • [(water conc. * relative 
BCF) * GI AAF] * cancer potency slope. Table C-2 shows the 
relative risk rankings for the potentially carcinogenic 
organic, Indicator Compounds. 

It can be seen from the relative risk rankings in 
Table C-2 that the highest relative risk ranking is associated 
with PCBs. The next highest relative risk ranking is for PAH, 
but it is nearly two orders of magnitude less than that for 
PCBs. The relative risks for the other compounds are smaller 

—15 still. Because the actual total risk (in the 10 range) 
computed in Section 8 is based solely on PCBs and the relative 
risk from the other compounds is demonstrated in this section 
to be orders of magnitude less, the conclusions of the human 
health food chain assessment would not be affected by computing 
the added risk from the other organic compounds. 

9202H 6020-006-270 
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TABLE C-2 
POTENTIAL RELATIVE RISK RANKINGS FOR ORGANICS FOR WHICH THERE WERE NO CRAB TISSUE BCFs 

(Note: These are not lifetime incidental cancer risk calculations) 

Predicted 
Water Cone. BCF Relative 

Chemical 

Benzene 

1,1,2,2,-Tetrachloroethane 

1,2-Diphenylhydrazine 

1,2-Dichlorobenzene 

Carcinogenic PAH 

PCB 

(roa/11 

2.00E-3 

5.50E-3 

3.08E-5 

3.91E-5 

1.50E-5 

5.26E-4 

to Ko,, for BCF GI AAF 

0.0001 

0.0002 

0.0007 

0.004 

0.59 

1.0 

1 

1 

1 

1 

0.9 

1 

Cancer Relative 
Potency Risk 
Slope Ranking* 

2.90E-2 5.8E-9 

2.00E-1 

8.00E-1 

** 

1.15E+1 

7.70E+0 

2.2E-7 

1.7E-8 

** 

9.2E-5 

4.1E-3 

"This is not a calculation of lifetime incidental cancer risk. It is a relative 
ranking of risks. 

"This compound is not thought to be carcinogenic. 
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